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patented invention that may in any way be related thereto, Any
reference to a particular manufaecturer or product brand is by no
means to be considered an endorsement of that company or product.

This technical report has been reviewed and is approved for publication.
This report has been reviewed by the appropriate Office of Information
201) and is releasable to the National Technical Informstion Service
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Co-directors were Colonel Wallace E, Fluhr and Colonel Donald R.
Reeves. Funding support from the Air Force Aero Propulsion Labora-
tory (AFAPL) during the acquisition phase under Program Element
Project PE 62203F and from the Air Force Civil Engineering Center
(AFCEC) during the test and evaluation phase under Program Element

Projects 63723F ard 6L4T708F are acknowledged. f

This report covers work accomplished from April 1973 to

June 1976. This manuscript was released by the authors for publica-
tion in September 1976.
The authors wish to acknowledge the active support of the
{ officers and men of the 7625th Civil Engineering Squadron at the Air
Foree Academy, the cfficers and men of the 1l2th Weather Squadron at

Peterson Air Force Base, and the cfficers and men of the Department

iii




L

of Instructional Technology at the Air Force Academy. Specifically,
the authors are singularly indebted to Major Richard N, Miller, Captain
Willie J. Honea, Captain Richard Kowaleski, Captain Ronald A, DeYoe,
Captain Charles Duane Sprick, Mr. Frank T, Sartor, M. A, F. Eortelka,
Mr. R. S. Shaffer, Mr, Jack Whelton, Mr, Thomas D, Fultz, Captain Jerry A.
McKee and family, Captain Dwight E, Clark, Second Lieutenant Richard
Bozzuto, Cadets David L. McKenzie, Steven D, Heinz, James B, Hunt and
Michael D, Semenuk (now all Second Lieutenants), Cadet Third Class
Michael Baumgartner, Technical Sergeant J, A. Valdez, and especially
Mrs, Christine Tolbert, resident housewife of the USAFA Solar House.
The authors are grateful to Ms Alice Amrine for her dedicated

and professional efforts in proofing and finalizing the manuscript.

T o, Vo R S v, QAT O G T




i

-

‘a_ S —
S R T bl
2 am v

CHAPIER

TABLE OF CONTENTS

TITLE

INTRODUCTION AND OBJECTIVES

1.1 Introduction

1.2 Project Objectives

PROJECT OVERVIEW

2.1 Problem Addressed

2.2 Project Scope of Work

PROGRAMMING

3.1 Concept Development

3.2 Project Establishment and Funding
3.3 Project Execution

CONTRACTING

4.1 Scope of Work

4.2 Method of Accomplishment

4.3 Contract Negotiations

L. 4 Cost Summary

4.5 Government/Contractor Relations
4,6 Summary

SOLAR TEST HOUCE FACILITIES ACQUISITION
5.1 Quarters Description and Selection
5.2 Heating Demand

5.3 Ground and Roof Array

5.4 Solar Collectors

5.5 Thermal Storage Tank

5.6 Supporting Mechanical Equipment
INSTRUMENTATION AND CONTROL SYSTEM
6.1 Introduction

6.2 Solar Heating System Software
6.3 Solar Heating System Hardware
6.4 General Considerations for Signal

v

PAGE NO,

1-1
1-1
1-2
2-1
2-1
2=2
3-1
3-1
3-7

P

iy




ko
e~
T, - i ¥
y | % CHAPTER TITIE PAGE NO.
‘a { : 6 INSTRUMENTATION AND CONTROL SYSTEM (cont)
i 6.5 Solar Radiation 6-19
6.6 Other Meteorological Monitoring 6-21
f Equipment
i 6.7 Temperature Sensors 6-23
i 6.8 Flow Measurement 6-27 )
, 6.9 Other Instrumentation 6-29
| 7 TEST AND EVALUATION DATA AND RESULTS T7-1 .
7.1 Introduction 7-1
- | 7.2 Solar Energy Available 7-6
7.3 Solar Energy Collected and Stored 7-9
7.4 House Heating Demand 722
7.5 Domestic Hot Water Heating Demand 7-26
b j ‘ 7.6 System Modeling Techniques and Results 7-28
! 8 CONCIUSIONS AND RECOMMENDATIONS 8-1
U 8.1 General A ) 8-1
¢ 8.2 Specific Project Conclusions 8-3
8.3 Specific Recommendations for Continuing 8-5
Project Work
% 8.4 Project Related Cadet Education Program 8-9
; BIBLIOGRAPHY 9-1
b APPENDIX
3 I
- S A. Degree Days at the United States Air A-1
Force Academy
B. Calculated Heat Loss for Type 12 B-1
Quarters at the United States Air
Force Academy i
‘ C. USAFA Solar Test House As-Build Con- c-1
, struction Drawings
; D. Instrumentation and Control System Flow D-1 -
* ; Charts, Block Diagrams and Circuit
Schematic Diagrams
‘ E. Test and Evaluation Computer Programs E-1
¢ F. Solar Energy System Tabularized Per- F-1
4 formance Data Summary (December 1975
{ to April 1976)
G. Selected Solar Energy System Computer G-1
Acquired Performance Plots
H. Project Cost Summary for Acquisition H-1

T v s T, AR L i A T G O

Phase
vi

s e

ol



2

bt o i

'
! LIST OF FIGURES g
. L
| FIGURE TITLE PAGE NO. -
* 1.1 USAFA Solar Test House 1-1 j
: 2.1 Solar Collectors on the Ground Array 2=k I3
i 5.1 Type 12 Quarters Floor Plan L]
5.2 USAFA Solar Test House Elevation Views
5 5.3 Ground Array Construction Details
5.4 Ground Array Saddle Details
5.5 Ground Array Footing Detail
5.6 Ground Array Saddle Photograph
5.7 Ground Array Footing Photograph
5.8 Ground Array Under Construction
5.9 Ground Array Ready for the Collectors
5.10 Ground Array Completed
5.11 Ground Array Shadowing
5.12a Roof Array Anchoring Detail
5.12b Roof Prepared for Parasite Truss
5.12¢ Parasite Truss Installed
5.13 Roof Array Completed
5.14 Ground Array Snow Loading
5.15 Roof Array Snow Loading Sequence
5.16 Roof Array Ice Cover
5.17 Details of Modular Solar Collectors
5.18 Thermal Storage Tank Details
5.19 Thermal Storage Tank Being Lowered into
Position
5.20 Thermal Storage Tank Cover Being
Installed
5.21 Thermal Storage Tank Manhole Being Lowered
into Position
5.22 Plumbing Lines Being Installed on Thermal

Storage Tank

vii

e N BN TP by W TR gl AT




4 ! FIGURE TITLE PAGE NO.
: i | 5.23 Changes in Depth of Water in Thermal 5-37
i Storage Tank (November 1975)
C 5.2k Changes in Depth of Water in Thermal 5-38
3 Storage Tank (December 1975)
o 5.25 Pumping Out the Thermal Storage Tank 5-39
| 5.26 Model of Thermal Storage Tank 542
‘ 5.27 Thermal Stress Cracking Pattern 5-43 )
3 5.28 Thermal Storage Tank Heat Exchanger 5-L6 :
3 5.29 Furnace Supply Air Plenum Heat Exchanger 5-46
X1 % 5.30 Solar Energy System Mechanical Equipment 5-47
5.31 Modulating Flow Control Valve 5-48 ; ;
6.1 Control Algorithm - Arrays 6-5 |
3 6.2 Control Algorithm - Heat Coil 6-6 :
j 6.3 Control Algorithm - Task Scheduler 6-7 :
by | 6.4 ICS Hardware in Mechanical Room 6-8 §
' 6.5 Digitizer Card 6-10
6.6 Power Control Box with Microcomputer 6-10 ;

Controlled Solid State Relays

6.7 Top, Rear View of Microcomputer Chassis 6-11
Rack Showing Digital Clock and Sensor
Readout Units

6.8 Front View of Microcomputer Chasis Rack 6-11
with Cover Removed Showing the Analog
Multiplexer, Calibrator, Controller and !
Power Supplies 1

T e il i ¢ i

abfilkee

'

ks o R e

6.9 Rear View of Microcomputer 6-12

6.10 Analog Multiplexer 6-12

6.11 Sensor Termination Panel 6-13 ‘

6.12 Remote House Controller (Solar Control 6-13 ]
House) ;

6.13 Status Display Console 6-1k ¥

6.14 Teletype 6-15 $ 4

(.15 Pyranometer 6-20 .

(.16 AN/TMQ-15 Wind Measuring Set 6-22

6.17 AN/TMQ-20 Tenperature and Dew-Point 6-22

Measuring Jet
viii

SRR R SRR SR ST
ik

o e
P EVNICNEEY PR NPT P SO, T




-

i m—— L

FIGURE

6.18
6.19

6.20

6.21
6.22
6.23
6.2k
7.1
7.2
7.3
7.l

75

TITLE

Temperature Transducers

Wet Sensors Installed in Domestic Hot
Water Preheat Coil

Wet Sensors Installed in Roof Array Header
Pipes

Fluid Flow Meter

Natural Gas Meter

Electrical Meters in Solar Test House
Thermal Storage Tank Depth Meter

Standard Daily Summary of Analysis Program
Average Monthly Solar Radiation

Slope - Sun Altitude Relationship

Relationship Between Sun Altitude and Degree
Days with Time at USAFA

Collection and Storage Control Algorithm
Supporting Mechanical Components

PAGE NO.

6-23
6-25

6-26

6-28
6-29
6-30
6-31
7-5

7-11
7-12
7 -1k

7-18




IRV S SO

LIST OF TABLES

TABLE TITLE PAGE NO,

5.1 Comparison of Modular Solar Collector Features 5-26 ;
5.2 Summary of Water Sampling Results of the Thermal 5-41 :
Storage Tank '
7.1 ICS Recorded Data Points at the USAFA Solar Test 7-3 ;Zi
‘ House 3
i
‘ 7.2 Solar Test House Dats Analysis Program Calculated 7-4
2 Data Points ]
)} 7.3 Average Monthly Solar Radiation Values =10 :
' 7.4 Slope - Sun Altitude Relationship 7-12 w
s 7 l] i
I 7.5 Comparison of Working Fluids for Heat Transfer 7-16 B

. |
3
L g
T &
et 5
R §

. A ;
‘ti. &
). - [ &
3 i ;
‘:t«7 N . §
& ;
- ; ¥
™ ‘j! - §
:
{
" i




CHAPTER 1

INTRODUCTION AND OBJECTIVES

Introduction

This interim technical report describes the programming,

facility acquisition and initial performance of the first retrofit

constructed soler-heated facility in the United States Air Force, the

Solar Test House at the United States Air Force Academy (see Figure 1.1
below).

WAL

i 3
. \-.' : -

Figure 1.1 USAFA Solar Test House
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This project, which to date is the major part of the Air Force
Academy Solar Energy Program, has been accomplished using the Air
Force Academy's own engineering personnel from its various mission
elements in an integrated manner with the administrative assistance
of personnel from the Frank J. Seiler Laboratory of the Air Force
Systems Command, which is an Air Force Academy tenant. This project
represents a joint venture between the United States Air Force Academy
and the Air Force Systems Command. Specifically, within the Air Force
Systems Command, the Air Force Aero Propulsion Laboratory provided the
funds for the acquisition phase, and the Air Force Civil Engineering
Center is now providing the funds for test and evaluation. In addition,
the Air Weather Service of the Military Airlift Command has supported
the project by providing a meteorological monitoring system located at
the site. Because this project is the first experimental real property
solar energy heating project to be done, not only in the Air Force but
also in the Department of Defense, it is hoped that this report will

provide useful information to support future Air Force/Department of
Defense projects.

1.2 Project Objectives

The objectives of this project have been:

a. tc develop baseline design criteria to support future

Air Force Solar Energy Programs;

b. to obtain sound design, construction and operations

1-2
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\’ E and meintenance experience in real property-oriented solar energy
‘ ,
! systems;
i
“ ¢. to obtain sound cost data on such solar energy systems
upon which future economic effectiveness models may be based.
3 |
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S
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CHAPTER 2

PROJECT OVERVIEW

2.1 Problem Addressed

This project addresses the problem concerned with the
spiraling cost and dwindling supply of fossil fuels, as manifested
by "energy crisis" scenarios, Accordingly, the Air Force needs to
consider applying alternate energy schemes to its own special real
property needs for the following reasons:

a. to provide a mechanism to help offset rising utility
costs associated with the inflationary trend that has been
characteristic of conventional fossil fuels;

b. to provide a mechanism to help guarantee mission
continuation at installations that have their normal socurces of
conventional fossil fuels curtailed;

¢. to contribute to the national objective of energy
self-sufficiency.

This work was done at the Air Force Academy for the following
reasons:

a. the Air Force Academy's climate makes it very well
suited for an experimental solar energy facility because of its
record of long periods of continuous high quality sunlight;

b, the facilities at the Air Force Academy are

representative of what can be expected in the composition of the

e-1
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real property base of Air Force installations in the future;

c. the multidisciplinary faculty found at the Air Force

Academy provides the broad technical base necessary for solar energy

3 1 i research;
d. it is Air Force Academy policy that cadets will

t | participate in research projects such as are found in the Solar

Energy Program and as & result, & unique opportunity for technology
S transfers to the operating Air Force is provided;

e, the Air Force Academy has established base needs that
dictate the future development of an alternate energy source. During
the winter of 1972, the Air Force Academy's interruptible natural
gas supply was curtailed for 171 days (December 1972 to May 1973)

% due to a shortage of natural gas in the area. Fortunately, the

Air Force Academy was able to switch over t; fuel oil and continue
to cperate, Nevertheless, at the end of the fiscal year, the effect
of this operation was an additional cost of $L54,000 required to
operate during the curtailment. It was this specific experience,
more than anything else, that acted as the catalyst for the present

project.

2.2 Project Scope of Work

The project scope of work involved constructing an applied
research and development laboratory for sclar energy applications.
This was accomplished by retrofitting an existing single-famlly

military housing unit at the Air Force Academy with commercial flat

R I e T e
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plate solar collectors. The primary purpose was space heating and
the secondary purpose was domestic hot water preheating.

The solar energy system developed is unique in that the
28 commercially-manufactured solar collectors are mounted in two
separate arrays. Half of the collectors (273 square feet, 1L solar
collectors) are mounted in en array on the roof at a fixed angle of
52° from the horizontal, and the other half are mounted on a ground
arrey directly behind the house, The ground array is so constructed
that the horizontal angle of the collectors may be set at 459, 520
and 60°, A close-up view of the solar collectors in the ground array
is provided in Figure 2.1.

The working fluid used is a 50 percent-by-volume mixture
of water and ethylene glycol, which is pumped at a variable flow
rate based on collector fluid temperature differential. The thermal
energy so collected is transferred via heat exchangers to 2500 gallons
of water contained in a buried, precasted reinforced concrete thermal
storage tank. The existing heating system was a natural gas-fired,
forced hot-air heating system. The solar energy system supplements
this system by using a heat exchanger installed in the furnace supply
plenum. The meteorological monitoring system includes a spectral
pyranometer mounted atop the roof array for measuring solar insolation,
and two Air Force tactical weather towers, one for measuring wind
speed and wind direction, and the other for measuring dry-bulb

Lunperature and dew point.




Figure 2.1 Soler Collectors on the Ground Array
(NOTE: Flashing is removed to expose supply
and return line header pipes,)
2-4
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Two identical houses are involved., One house, designated
the Solar Test House, received the actual modification and the
other house, designated the Controcl House, was selected to serve
as the performance benchmark for test and evaluation purposes., The
Control House is operat~d in a conventional manner and natural gas
and electricity consumption are monitored as well as interior tem-
peratures. Both houses have the same solar orientation. The houses
are three bedroom, two-bath Capehart, single family units with
basements and carports. They have approximately 1200 square feet
of living space upstairs and 700 square feet in the basement,

It is the belief of Air Force Academy officials that the
most gains to be made in solar energy technology lie in control
theory rather than in solar collector technology itself. One of the
most prominent features of this project has been its instrumentation
and control system, built around a microcomputer and an extensive
sensor and control network. This system not only collects informa-
tion from the various sensors and records it on readable roll paper
(as well as on paper tape so that may later be computer processed),
but it also controls the mechanical functions via a readily modified

control program.

2-5
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CHAPTER 3

PROGRAMMING

3.1 Concept Development

- A e -

In response to the curtailment of interruptible natural gas

o

service to the United States Air Force Academy during the period

December 1972 to May 1973, Air Force Academy officials initieted a

series of recovery programs which included a significant base-wide
energy conservation program, the construction of an additional fuel
oil storage tank adjacent to the main central heating plant and a

serious investigation of developing an alternate unconventional

energy source. These programs were initiated, not only because of

the severe economic impact just experienced on the operating budget,
but also because of the possibility of future natural gas curtail-
ment., Of the alternate unconventional energy sources considered,
solar energy was identified as having the greatest potential for use
at the Air Force Academy. The primary reason underscoring this
decision wac the Air Force Academy's geographic location which permits
a significant amount of high quality sunlight,

In late spring 1973, tue Air Force Academy Faculty, at the
direction of the Superintendent, completed a staff study on the
feasibility of adopting solar energy systems for the space heating

Y buildings, It was recommended that the Air Force Academy not |3

rarficipate in a solar energy construction program at the tire due

—
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to the unfavorable economics which preveiled. Rather, the Air

H
i
:

Force Academy should monitor the Federally sponsored research

being done in solar energy (largely through the National Science
Foundation at the time) and perhaps participate in it. As a result,
the Superintendent initiated a series of communiques with the Air
Force Chief of Staff outlining the experience the Air Force Academy
underwent as a result of the natural gas curtailment, and suggested
the use of solar energy as a possible solution for the future and
in so doing offered the Air Force Academy as a demonstretion site.

As a result of this tender and with the assistance of
Headquarters Air Force Systems Command, an informal committee was
developed which became known as the Air Force Solar Energy Working
Group (Civil Engineering and Facilities). Chaired by the Professor
and Head of the Department of Civil Engineering, Engineering Mechanics
and Materials, at the Air Force Academy, this committee was comprised
of engineers from Headquarters Air Force Civil Engineering, various
Air Force Systems Command laeboratories and the Air Force Academy.
This committee met at the Air Force Academy on 27 Septenber 1973,

It was the first time that the Air Force had considered using solar
energy for the heating and cooling of its real property, the justi-
fications for such considerations being to help offset rising utility
costs from conventional fossil fuels and to guarantee mission con-
tinuation in the face of & threatening energy crisis. Specifically,
consideration was to be given to estaeblishing an experimental research

and development capability in solar energy with a demonstration project

3-2
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at the Air Force Academy. As a result of this meeting, it was
decided to prepare a proposal for retrofitting some Air Force
Academy military family housing to solar energy and submit it in
the National Science Foundation Research Applied for National Needs
Program (NSF/RANN).

Shortly before this committee met, President Nixon, in his

29 June 1973 energy message, esteblished "Project Independent” which

AU e g 11 i A

established a national goal of total energy self-sufficiency by the

mid 1980's. The Atomic Energy Commission was tasked to develop a

b i

program in cooperation with other Federal agencies to promulgate this

goal, A tentative funding level of $10 billion was established for a
five-year program to support projects that would either support the
goal of achieving the national capability of energy, self—sufficigncy
or support research that -promised to provide new options for meeting
future energy needs. Responding to the AEC's national energy R&D
program call on 11 September 1973, the Air Force Academy submitted
two proposals through Air Force Systems Command channels, One proposal
dealt with the investigation of the meost promising techniques for
using solar energy to directly heat a military family housing unit,
and the second dealt with the investigation of the most promising
techniques for using wind-generated electric power fcr a similar
housing unit. At Headquarters Air Force, these two proposals were
integrated into one project submittal and received a rank order
rriority of 17 out of 47. Although never funded, this information

was used as reference material by such planning groups as the Air

3-3
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Force Energy Research and Development Steering Group, and the Energy

Research and Development Aduinistration, which was established in
January 1975 as a result of the Energy Reorganization Act of 197L,
and consolideted the alternate energy research activities of the
Atomic Energy Commission, the Department of Interior, the Environ-
mental Protection Agency, and the National Science Foundation.
Shortly after the Solar Energy Working Group (Civil Engineering
and Facilities) had met at the Air Force Academy, work began in earnest
on the proposal to be submitted to the National Science Foundation,
The only change made was that rather than the retrofit scope of work
envisioned being directed to military family housing units, it was
instead redirected towards a large institutional building, Fairchild
Hall, the main academic building at the Air Force Academy. The major
reason for this change was economics, The military family housing at
the Air Force Academy represented only a small percentage of the
base energy consumption in the fall of 1973. This fact, more than
anything else, led Air Force Academy officials to Fairchild Hall
because of its significant energy consumption. In February of 197k,
the proposal "Demonstration and Development of Solar Energy for the
Heating and Cooling of Institutional Building Facilities"” was sub-
mitted by the Air Force Academy to the National Science Foundation
for consideration in the Research Applied for National lleedc Prcoyrarm,
In October 1973, Mr. McCormack of the United States Hcuse of
P oresentatives introduced a bLill to the Congress calling for the

widescale demonstration of practical solar heating technology in
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three years and the combined solar heating and cooling technology in

five years in the public sector. Xnown as the Solar Heating and
Cocling Demonstration Act of l97h, it was signed into law by
President Ford in September 197h. It called for significant parti-
cipation by the Department of Defense because of their massive real
estate holdings and directed its initiael attention to residential
housing.

Also, in October 1973, the Research Applied for National Needs
Public Technology Projects Office contracted with three commercial
companies (General Electric, TRW and Westinghouse) to conduct
extensive feasibility studies for u:ing solar energy for the heating
and cooling of buildings to include anslysis of such influencin
factors as envirommental, sociological, technological and economics,
The results known as the . Solar Heating and Cooling Buildings
(Phase 0) Reports were completed in May 197L. The reports more or
less all supported each other and concluded that solar energy ha:
the potential for making a significant positive effect on the nation's
energy econony by the end of the present century. They wont on to
point out that the greater market capture potential in the vprivate
sector would be found in the new construction arena anc¢ not the
retrofit arena.

The year 1974 saw considerable solar energy related activity
nationally. At the Air Force Academy, significant activity in =zolar
cueregy was also pursued, and continued in-house work relative to the

cscope of work in the proporal submittal to the Naticnal Science
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Foundation was pursued. In addition, blocks of instruction on solar
energy were presented to cadets in engineering courses and cadets
began fabricating solar collectors for testing.

In November 1974, the Air Force Energy Research and Development
Steering (roup released its final report. This group was formed in
January 1974 at the direction of the Air Force Chief of Staff under
the Chief Scientist. It has the responsibility of reviewing the

i impact of energy shortages on the future of the Air Force end to
; recommend future researc: and development efforts in response, With
V'_ j regard to installations-oriented energy consumption, the 1.&D responsi-
bilities were the resyonsitilities of all services and remote
installations were to be made energy self-sufficient. Because of
} DOD policy ectablished by the Office of Installation and Logistics,
the Air Force was to rely on the private sector and non-DOD agencies
to develop new energy sources such as solar energy for ground based
installations. On the basis of these findings, together with the DOD
associated goals of the Solar Heating and Cooling Demonstration Act

of 197h, and the National Science Foundation sponsored "Phase 0"

reports downplaying the importance of solar energy retrofit schemes

FS

»

-
¥4

in the private sector, it became clear that the Air Force needed a

retrofitted solar test house laboratory that would be capable of readily

g{ e

accepting commercially-manufactured solar energy hardware for evalua-

'?[g.

R A

-

tion for military use and the development of definitive designs.

»

Acecrdingly, Air Force Academy officials withdrew the proposal that

1,

had been submitted to the National Science Foundation in February of
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1974 and began preparing a proposal for military family housing colar
energy retrofit that would be internal to the Air Force. The proposal
was to focus on retrofit because of the peculiar needs cf the Air Force;
i.e., with approximately 150,000 family housing units in its inventory
and a stabilized real property base, the Air Force predicted only a

maryinal requirement for the need for new coastruction.

3.2 Project Establishment and Funding i

In December 197k, at the direction of Air Force Academy

officials, work began on preparing a proposal for the solar heating

PO PP P P

retrofit of military family housing. This work was a joint effort

T e ——— — .

/ ‘ tetween the Department of Civil Engineering, Engineering Mechanics j
W’ y and Materials of the Faculty and the Office of the Deputy Chief of g
i
W Staff for Civil Engineering. Approved by Air Force Academy officizis
in early March, the official project proposel, entitlel, "A Proposal !
. for Sclar Heating of Family Housing at the United States Air Force
‘ Academy," was briefed to the Commander and Staff of the Air Force 1
Systems Command by the Superintendent of the Air Force Academy. On !
- 1 the basis of the briefing, the proposal was approved and immeaiate
‘Tf?j funding authorized. Within the Air Force Systems Command, the Air E
',;5 Force Aero Propulsion Laboratory was identified as the initial
;_ E support laboratory.
A:EEE As a result of the Air Force Systems Command approval of the
‘:‘3, pronosal, project documents were prepared and sent forward to

liradquarters Alr Force Civil Engineering on 19 March 1775, requesting

3-T




approval. This approval was obtained on 2 April 1975.

In early spring of 1975, it was decided that all Air Force
Systems Command fiscally-sponsored research done at the Air Force
Academy would be processed through and administered by the Frank J.
Seiler Research Laboratory (FJSRL). This new program was scheduled
to go into effect on 1 July 1975. During the interim period, it
was decided that this proposal would be administered in this manner
as a "test case" in order to develop the necessary implementation
protorol for this program,

The Frank J, lJeiler Rece&rch laborator;, received Project
Order FDOPOO75P4019 for $45,00C on 1 April 1975 from the Air Force
Aero Propulsion Laboratory on behalf of tlhe Air Force Academy to
accomplish the work outlined in the projosal. The Frank J. Seiler
Research Laboratory established Job Order JON 7903-03-75 to support
the work effort and, in turn, the Br.se Civil Engineer established
Work Order 8101¢. (RCE Support for Conversion of Testing Two Housing
Units for Solar lieating) for the same purpose. Due to the late start
on this preject order, whick expired on 30 June 1975, it was necessary
to initiate on 1. May 1575 4 request for forward financing authority
in the amount «f #75, 000 for three months in order to cover the
anticipated contract construction period. In addition, a general
extension for one menth to allow sufficient time to obligate the
funds for obtaining the Goverment-furnished material in support of
+' e contract cernstruction work and the Government-installed equip-

rent in support of the instrumentation and control system was requested.
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This request was subsequently granted by the Air Force Aero Propulsion
Laboratory on 2 June 1975,

On 26 June 1975, the Air Force Aero Propulsion Laboratory
sent Project Order FDOPOOT6PLO02 for $11,000 to the Frank J. Seiler
Research Laboratory for continued support of the solar heating
retrofit project. This project order was subsequently accepted
on 15 July 1975. On 22 August 1975, this project order was amended
with a $3,500 increase, thus providing a total funding authority of
$15,000. The amendment was accepted on 8 September 1975.

Earlier in July 1975, Headquarters Air Force Civil Engineering
established the AF/PRE Solar Energy Task Force which was charged with
the responsibility of developing criteria, establishing policy, re-
viewing and recommending action for all Air Force solar energy projects
involving real property. - In early November 1975, this group tasked
the Air Force Civil Engineering Center with research and development
responsibilities in this area.

Accordingly, in December 1975 with both the acquisition and
systems check-out phases completed, the test and evaluation phase
was begun. Entitled, "A Propnsal for the Test and Evaluation Phase
of the Project Solar Heating Retrofit of Military Family Housivg,"
this proposal was submitted to the Air Force Civil Engineering Center
on 7 January 1976. This proposal was accepted by the Air Force Civil
Engineering Center and subsequently two project orders for a tctal
.1 $10,000 were issued on 25 February 1976 (PO 76-027, $3,000 and

PO 76-028, $7,000). These project orders were accepted in behalf

3-9

2 2 At e Do

s, et ks




of the United States Air Force Academy by the Frank J. Seiler

Research Lsboratory on 22 March 1976. ]

3.3 Project Execution

Because of the diverse technical nature of this project,
its accomplishment has been promlgated by three different Air Force
Academy engineering organizations - the Department of Civil Engineering,
Engineering Mechanics and Materials, and the Department of Electrical
Engineering of the Faculty, and the Base Civil Engineers, The direc-
tion of the Air Force Academy Solar Energy Program is shared on a
co-director basis between the Professor and Head of the Department of
Civil Engineering, Engineering Mechanics and Materials, and the Deputy
Chief of Staff for Civil Engineering.,

The day-to-day program management and administration is
accomplished by the Air Férce Academy Solar Energy Investigation Team
which is composed of personnel from the three engineering organizations
previously mentioned. The Solar Energy Investigation Team is directed
by the program principal investigator. This team was informelly es-
tablished in December 1974 and has seen the family housing retrofit
project through all of its phases of accomplishment., These phases
include the final programming, design, logistics planning, construction
contracting, in-house instrumentation and control system installation,
system start-up, and data acquisition with its follow-on data processing

leading to the beginning of the test and evaluation phase.
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CHAPTER L

CONTRACTING

L1 Scope of Work

As the design phase neared completion, consideration was
given to field construction. The required work fell into twc general
categories, The first category involved structural, mechanical and
electrical work associated with the installation of the solar energy
system and was considered to be in the realm of general shop work.
The second category involved the instrumentation and control system
and allied microcomputer support systems. This category of work

was considered outside the realm of the capabilities of general shops.

L2 Method of Accomplishment

In considering the first category of work, two choices were
available for the method of accompliskhment, The first choice was
to use in-house forces from the Base Civil Engineer shops. Because
of limitations against the amount of minor construction these forces
are allowed to accamplish annually, coupled with the short scheduling
lead time allowed and the heavily committed maintenance and repair
workload of these forces, in-house forces could not be utilized.
Thus, the second choice of entering into a contractual agreement via
formal advertisement and negotiation with a zeneral contractor was
employed. In this regard, the following considerations were weighed

for determining the contracting method:

L-1
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a. & solar heating retrofit involves the construction of

F systems and utilization of equipment generally foreign to general
and sub-contractors;

J ' b. the experimental research and highly visible nature

of this project required a high level of workmanship;

c. a few contractors in the Denver, Fort Collins and

Colorado Springs areas were famliliar with solar heating construction

; : projects;
| d. definite fund limitations existed;
e. contractors generally appeared leary of the emerging
! / solar energy technology and did not appear anxious to bid on such

& project.

Based on these consideretions, the decision was made to

s

ragotiate a contract with contractors in the area familiar with
sclar energy projects. Accordingly, a Request for Proposals (RFP)
was issued to selected contractors rather than having issued a
general Invitation for Bids (IFB) against which all qualified con-
tractors could bid.

It was determined that it would be directly beneficieal to

the Air Force to accomplish much of the project logistics in behalf
of the contractor by providing the solar energy related hardware in
the form of Government-furnished equipment and material. This
decision was based on the following observations:

a. being unfamiliar with these items, the contractors

right inflate their proposal quotes;

Lo
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b. extended delivery times required by these items wcuid
delay the initiation of construction;

c. 1items purchased by the Govermment could be tested
and/or modified prior to issue to the contractor;

d. direct commuuications between the manufacturer and the
Goverrment representative could result in faster deliveries of
correct items,

Accordingly, the solar collectors, the various heat exchangers,
various electrical signal cables, flow control valves, flow measuring
units, the ethylene glycol and some electrical switches were identi-
fied as Govermment-furnished equipment and materials. The installa-
tion of the instrumentation and control system and allied microcomputer
support systems were installed by engineers of the Air Force Academy
Solar Energy Investigation Team. Base Civil Engineer in-house shop
forces completed the installastion of the preheat domestic hot water
system along with minor basement modifications and mechanical adjust-

ments during the initial start-up period,

4.3 Contract Negotiations

All contractors solicited responded to the Request for Proposal
issued, but only two submitted acceptable proposals., Of the two un-
acceptable proposals, one contractor proposed & "cost plus only"
statement and the other failed to provide a certified performance
hond, After a period of intensive study and discussion, a construe-

ti'n contract was awarded to Dan Howells and Sons Construction Compagx
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of Colorado Springs on 15 July 1975 in the amount of $30,533.39.

L4 Cost Summary

The costs incurred during the acquisition phase of this
project are included in Appendix H. The high costs involved are
indicative of the research and developmental nature of the project
and are not related to the costs that would be experienced in s
field-scale retrofit prototype application. Inasmuch as a field-
scale laboratory facility involving two different housing units
was constructed in this project, significant high quality structural
and mechanical redundancy was required during the minor construction

phase that involved many unknowns,

L.5 Govermment /Cor.tractor helations

In order to add continuity to the construction phase of this
project and to emphasize good cummunications between the Govermment
and the contractor, members of the Air Force Academy Solar Energy
Investigation Team maintained communication with the contractor.

This action resulted in the development of an excellent working rela-
tionship between the Govermment and contractor, It became apparent
early in the construction phase that the general ccntractor and his
sub-contractors were being motivated by a desire to learn the methods
of applying an exci.ing new technology. Their pride in workmanship
and eagerness to contribute many beneficial suggestions during the
contract construction phase of the project resulted in a fine quality,

more functional and attractive product required by a highly visible

LY




research project of this nature., The detail and completeness of the

original design when supported by this cooperative relationship in the
field resulted in the construction phase being completed without a

single change order.

L,6 Summery

In retrospect, on the basis of the experience gained during
the contract construction phase, it is recommended that future contract
work be done via an Invitation for Bids rather than with a Request for
Prcposal and the follow-on negotiations. The Request for Proposal
method served this project well in view of the experience base that
existed in the summer of 1975 and in view of the research and
development nature of the USAFA Solar Test House,

However, in the past year, there has been significant activity
in solar energy by the construction industry and many lessons have
been learned. As a result, it may be difficult to justify, within
procurement channels, further Request for Proposal contracting
methods for solar energy construction,

In sumary, it is recommended that future solar energy
construction projects be formally advertised and not negotiated.
Although a small degree of added experience can probably be gained,
it will be most likely obtéined at an added cost. The eagerness of
contractors to gain experience in this new field will protably out-
weigh their inexperience and can directly impact on the future

Government solar energy programs.

);_5

~




- -

CHAPTER 5

SOLAR TEST HOUSE FACILITIES ACQUISITION

5.1 Quarters Description and Selection

The Air Force Academy family housing consists of 1263 units.
Indigenous and senior housing account for 63 of these units, and the
remaining 1200 units are Capehart units which were constructed in 1958
and 1959, These Capehart units are a cormbination of duplexes and
single-family dwellings with 14 basic floor plans that are situat=zd in
two different locations - Pine Valley and Douglass Valley.

Construction consists of structural wood frames with brick
veneers and mesonite highlight siding panels. The roofs of the quarters
originally had essentially flat pitches of four-ply built-up roofing
construction, Currently, these roofs are being modified to pitched
roofs with pressboard sheathing and shingle surface in order to make
them more wind resistant. These quarters have carports, basementc,
hardwood floors and fireplaces. Useble floor space runs from 875 to
1412 square feet. These units are typical of Air Force family housing
in the CONUS today.

In selecting the type of quarters for this project, many
factors were considered. Early in the program, the decision weas made
to use two houses in this project. One house waz to receive the aclual
solar energy system modifications and be designated the USAFA Tolar
Test llouse. The other house was to re identical as nossible, recezive

no modifinntions other than instrumentation, and lLe operateu in a
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conventional manner. Tt was to be designated the Control House and
serve as & thermodynamic performance reference for the USAFA Solar Test
House, This decision was made as it was felt that there would be more
credibility if the Solar Test House was compared with an actual house
rather than a camnputer-simulated one.

Thus, selection criteria dictated that the enviromment surrounding,
as well as within, both units be as identical as possible. The factors
affecting these requirements were:

a. sun orientation and loading;
b. wind orientation and loading;
¢, family size and age group of the occupants,

Duplex styles were ruled out as a result of these considerations,

Of the remaining four styles available, only one (the Type 12 Unit) '
existed in sufficient numbers (196 units) in both housing areas to be
considered typical enough for consideration. In addition, the Type 12
Units included a totally unfinished basement which could provide the

area required for the mechanical room.

The selection of the exact two Type 12 Quarters to be utilized
involved determining which quarters would be vacant during the construc-
tion period and grouping those with a similar exterior environment. This
procedure resulted in selection of three possible combinations. The final
selection identified the USAFA Solar Test House (Quarters 4518I) and the
Control House (Quarters L4511J) in Douglass Valley. This location has a
latitude of N 38° 58', a longitude of W 10L° 51', and an approximate
elevation of 6903 feet., These two units have identical floor plans and

orientation. They are located on the same side of the street, in the
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same relative position in their respective housing clusters, and are
within 1000 feet of each other. They are identical in every respect
except the location of their back doors and the pitch of their roofs.

The Type 12 Quarters selected have three bedrooms, two bathrooms,

a living room, a dining room, a kitchen and a carport. A typical floor

(an

plan is sbown in Figure 5.1, The finished living area upstairs ccntains

1 1194 square feet and the unfinished basement area contains 708 square

i it

feet. Elevation views of the house with the roof array are shown in

L Figure 5.2.

Neither of the units were altered with respect to the location
or extent of energy conservative features or materials. Both units
include storm doors and windows and utilize the natural gas-fired,
forced air heating.

To insure the proper enviromment and controlled heating system }

of both houses, engineering officers and their families, familiar with -

the prcject, were chosen to occupy them.
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5.2 Heating Demand

The original heating system for the quarters was the natural
gas-fired, forced hot-air heating system., Natural ventilation was pro-
vided in all living areas with the exception of the kitchens and bathrooms
which utilized mechanical exhaust systems.

Weather conditions at the Air Force Academy, on the basis of
degree days (heating/reference 65°F), may be classified as moderate to
severe. Degree~day data for the 13 years are reported in Appendix A,
Degree days are experienced all year around, although the normal heating
season begins in September and ends in May., The Air Force Academy re-
ceives approximately T7h25 degree days annually.

At the time of the design, the critical winter conditions governing
design were -6°F for the outdoor temperature and 72°F for the indoor tem-
perature for all the rooms except the bathrooms which were designed for
75°F. The basements were designed for 65°F and crawl spaces, 45°F.,

Under these conditions, the original design heating load was T0,43C Btu/
Hr. Accordingly, the original furnace was designed for a maximum rated
capacity of 83,000 Btu/Hr at an air-flow rate of 1333 cfm.

Recently, another heat loss analysis has been accomplished on the
Type 12 Quarters in accordance with more up-to-date provisions. Based
on an outside design temperature of ~-2°F and an inside temperature of
7OOF, the design heating load 1s approximately 51,000 Btu/Hr. This
analysis is in Appendix B.

On the basis of natural gas consumption monitoring done at the
Alr Force Academy since 1970, it is estimated that the average annual

heating demand is approximately 30,000 Btu/Hr.
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5.3 Ground and Roof Array

One of the unique and key features of this applied research
and development project is the utilization of a split selar nollector
array system. In all probability, in the actual constructicn, either
a roof array or a ground array would be used, rather than a combination.
Because of the laboratory nature c¢f the USAFA Solar Test House, it was
decided to use both types of arrays for the btenefit of experience.

Roof-mounted and ground-mounted solar collector arrays have
inherent advantages and disadvantages., A roof array:

&. can be utilized in a high density building area, where

shadowing is a problem from other structures;

be. requires an existing roof which can carry or be strengthened
to carry thé increased loading (typically 10 to 15 pounds per square foot
more). In addition, the roof must have & proper sun azimuth (south in
the northern hemisphere) énd must be peaked or he capable of teing veaked
to develop the required sun angle (function of latitude and intended use);

C. does not usually present a terrestrial glare problem;

d. . is not as susceptible tc breakage due to accident or
vandalism;

e. is mcre costly to construct and maintain due to accesnihilii;:

. hac a strong impact on the aesthetics of the structure,
On the (ther Land, a ground array:

a., can be utilized in areas where unobstructed land is available
(no =% wlcwing) s

b, can be sized to serve more thar on- bousing unit;
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c. due to accessibility, it can be readily constructed and

is thus less costly;
d. can create terrestrial glare problems;

e. does not require extensive structural modifications to

the housing unit;

f. can be entirely prefabricated.

By using a split solar collector array system, with both
containing an equal number of identical solar collectors, the oppor-
tunity was provided to directly compare the operating efficiencies,
maintenance, susceptibility to vaHd;lism and response to snow and
wind load.

One unique feature of the ground array is its ability to be
rotated with respect to the seasonal altitude of the sun. This feature
was not incorporated in the roof array due to structural limitations
imposed by the existing roofing system, This feature is provided for by
a "hinge" and "saddle system." The front (south facing) portion of the
ground array is supported on hinges which bear on the footings. The rear
of the array is supported on saddles which are, in turn, bolted to the
footings. Three sets of saddles currently exist which can be utilized
to orient the collector surfaces at either 459, 520 (same as the roof
array) or 60° from the horizontal. Figure 5.3 shows the details of the
ground array construction and the hinge and saddle detail. Figure 5.h

shows the saddle details and Figure 5.5 shows the footing deteil.

Figcures 5.6 and 5.7 contain photographs of a saddle and footing after

construction,
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The ability to change the angle of a solar collector can be
of significant value in regions where solar energy is being considered
for both space heating and air conditioning. Even though air con-
ditioning was not a requirement of this project, the experience with
and data from this array justified the low additional cost required.
Perhaps in time, this ground array with its operating flexibility would
have application in the Air Force Bare Base Program.

Angther feature of the ground array is that it may be prefabri-
cated., Its overall dimensions are such that it can be constructed on
a year around basis utilizing lower cost lebor and transported to the
construction site in a finished state. Figure 5.8 shows the ground

array under construction in the field.

Figure 5.8 Ground Array Under Construction
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v ‘ The modular solar collectors selected for the initial
installation rest on a shelf which has been constructed on the array
and which separates the solar collectors from the raceway which houses
the supply and retu;n line headers for the working fluid. A double
layer of asphalt impregnated roofers felt serves as the waterproofing
boundary under the solar collectors. Figure 5.9 shows the ground

array ready to accept the solar collectors. A light gauge corrosion
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Figure 5.9 Ground Array Ready for the Collectors

&
-

resistant steel flashing system then provides the final outer layer

of waterproofing and also secures the solar collectors to the array.
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Figure 5.10 shows the ground array completed, with solar collectors

: mounted and flashing installed.

Figure 5.10 Ground Array Completed

The placement of the ground array is governed by correct

orientation with respect to the sun and the requirement of a shadow-

free area. The ground array was sited 51 feet behind the quarters
with its major axis parallel to that of the quarters. Thus, the solar
collectors were oriented due south,

- In order to prevent shadowing of the ground array during low
winter sun periods, the shadows cast by the major objects (test and

adjoining quarters) toward the location of the ground array were

and plotting the shadows of "high points" with respect to time and the

5~15

determined. This involved drafting a plan view of the area, caliulating
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related solar altitudes and azimuths for the worst solar day.
Figure 5.11 shows the effects of shadowing during the critical time

in late December.

Figure 5.11 Ground Array Shadowing

The roof on the USAFA Solar Test House consisted of the
original nearly flat-pitched, four-ply, built-up type construction
roof and the modified pitched roof of plywood sheathing and shingle
surface. The construction of the roof array consisted of stripping
the sheathing and shingles from the upper portion of the south face
of the roof in segments and attaching a "parasite" truss wkich
rested on the panel points of the existing truss. This provided
a platform approximately 52° from the horizomtal for installation
of the solar collectors. The 52° angle was arrived at from the

algorithm for basic winter heating of the latitude plus 12°, Round
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off, plus the location of the panel points, made this 520. Figure

‘ 5,128 shows the construction details of this "parasite" truss.

Figure 5.12b and 5.12c¢ show the roof array under construction.

Figure 5.13 Roof Arriy Completed

The existing truss was initially designed to carry a live
(snow) load of 30 psf. Since local conditions have resulted in
current design requirements of 20 psf live (snow) load, a computer

analysis resulted in the basic truss requiring the reinforcement cof

only one web member. The paresite trusses were then covered with

plywood and waterproofed with a double layer of asphalt impregnated ‘\

5-17
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roofer's felt., Once the collectors had been placed on a shelf similar
to that of the ground array and the plumbing completed, a light gauge
corrosion resistant steel flashing system provided the final outer
layer of waterproofing and also secured the collectors to the array. . E
The dead weight associated with the new array epproached 13 psf (pounds
per square foot). Figure 5.13 shows the roof array completed with the

solar collectors mounted on the flashing installed.

1o g
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Figure 5.14 Ground Array Snow Loading

Weterproofing initially specified was a neoprene-hypolon

type which would soften and run at temperatures in excess of 275°F.
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During no-flow conditions, these temperatures could easily be reached
by the collectors with obvious unacceptable results. The final water-
proofing scheme included a ten mil plastic sheeting over the roofer':c
felt, During construction, the covered, inoperative solar collectors
still heated up sufficiently to melt the plastic sheeting. All sheeting
was immediately removed. In turn, the solar collectors were covered

with heavy cardboard., Solar collectors must be protected from the

e A e

sunlight when they are not operating. It was observed that during the

{ construction phase the surfaces of uncovered solar ccllectors exposed i
i 2

Z to the sun became so hot that some outgassing occurred that had a )
j derogatory effect on the collectors. ;
3

4

Precipitation in the form of snow and ice proved to be a prcblem.
Figure 5.14 shows the ground array covered with snow. When covered with
‘ snow, the solar collectors will not function. Light will penetrate
several inches of snow and warm the collector surface sufficiently to
relt the snow film adjacent to the outer glazing which, in the case of
: the ground array, allows the snow to slide off to the ground clearing {

the collectors. However, the roof stops the sliding snow cover; the

.
e -
[ .

snow is removed only by melting because of the mild slope cf ihe rccf.

This result is an excessive snow load on the roof. This sequence ic

o

*

9

o

illustrated in Figure 5.15 a,b,c. After a severe storm, the grcund array

(F W ¥

will clear within the first sunny hour, but the roof array will remain

)

snowbound for two to three days. This problem can be alleviated by ie- 9

siening arrays on the leading edge of structures where the snow may

slide and fall clear of the collectors and the supporting rocof.

:4" “‘
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Figure 5.15 Roof Array Snow loading Sequence
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Icing was another problem, It would often be present early
in the morning and because of its crystalline structure, it would not
dissipate as readily. Manually overriding the instrumentation and
control system and pumping heat from the storage tank would quicken
its dispersal. Figure 5,16 shows the nature of ice build up on the

sui.ace of a series of solar collectors on the roof arraye.

Figure 5.16 Roof Array Ice Cover
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5.4 Solar Collectors

The solar collectors utilized were commercially manufactured
flat plate collectors as opposed to the focusing parabolic variety.

In addition, within the category of flat plate, the collectors used
were considered to be of the high performance type. in this type,
the working fluid is pumped under a hydrostatic head through conduits
that are an integral part of the collector surface rather than being
allowed to randomly flow across the collector surface under the
influence of gravity.

Earlier in the USAFA Solar Energy Program, scme experience was
gained in the fabrication of both flat plate and parabolic solar
collectors via cadet design and independent studies courses. Never-
theless, it was decided to use commercially manufactured collectors
in the belief that the experience gained would have more Air Force-wide
application.

The selection of the commercial solar collector was made in
the spring of 1975. It was one of the first design decisions made
as it had direct impact on the remainder of the facility design.

In the selection of a collector, a water media collector system

was chosen over an air media collector system for the following reasons:

a, an air system would require the retrofitting of large
quantities of supply and return duct work. Because it is the intention
to return the Solar Test House to its original condition at the end of
ti.e project's test and evaluation phase in FY 78, this modification

~ould not be cost effective;
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b. an air system, if it used a crushed rock bed which is

conventionally done, would require a sizeable storage space. In a

Y retrofit project such as this, available space is severely limitel;

c. an air system (unless used on ccnjuncticn with a heat
pump) is not suitable for air conditioning because of the lower ;

temperature generated. Because of the many potential applications for

Canic i ~Ah calibio g 4

solar air conditioning in the Air Force, systems not supporting this

1 ‘ should not be pursued.

3 In the spring of 1975, as compared to present, the number of

commercially available sclar collectors to select from was minimal.

i

é In reviewing the collectors that were available, timely selection was
. / narrowed down to two different types of collectors, a copper-baced
unit and an aluminum-based unit. The comparative features of tleze
i ' 2 two collectors are shown in Table 5.1. In reviewing these feature:z,

‘ the copper-based solar collector was favored for the followiry reascns:

a, copper absorption surfaces have significantly lecs
corrosion potential than similar aluminum surfaces witl. resvect to

water/ethylene-glycol mixtures;

b b. coprer is a more efficient thermal collection an: transier

material than aluminum;

»

s

#
s ¥ J

c. the copper-based collector had a per square oot rect

2 fé less than the aluminum-based collector;

~,'~1;¢'..

- Bl

o 1 d., logistically, the copper-based ccllector could be nbtained
® ¥

S

-

more readily. Because the collectors were to te Government furnished
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material for the construction contract, they were required to be on

base prior to the Government initiating a contract;

e, the plumbing lines on the copper-based collectors were
standard copper plumbing lines as opposed to aluminum on the aluminum-
based collectors, thus facilitating installation in the field using
common shop skills,

Accordingly, modular copper-based flat plate collectors,
commercially manufactured by Revere Copper and Brass, were selected
and used for this project. Figure 5.17, which was included in the
contract construction drawings to acquaint the potential contractors
with these solar collectors, illustrates their details.

After the solar collectors had been selected, design emphasis
shifted to proper flow configuration with each array. The three
plumbing configuration choices were:

a, parallel

b. series

c. parallel/series combination

It was believed that an all-parallel system would regquire
excessive pumping rates and an all-series system would result in
very high temperatures at the last collector, which could lead to
working fluid vaporization and result in low operating efficiency.
However, a parallel/series plumbing configuretion wacs used *t> ottain
maximum thermal gain at minimum expenditure of mechanical enersy. Thic

centiguration is shown in the as-built drawings in Appendix =,
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During the construction phase and the test and evaluation
phase to date, some major lessons associated with the =seolar collectors
have been learned.

As mentioned in the previous section, if the solar collectors
are lefl urcovered when not being used, superheating and some outgassing
of the collector surface will cause condensation on the inner glazing
surface., This phenomenon lowers the collector performance by reflecting
some incident solar radiation in the early morning and later afternccn.

A more critical problem encountered during the system start-up
was vapor locking. The vertical multipath design of the solar collectors
(since replaced by the manufacturer with a sinusoidal path design), in
conjunction with the parallel/series plumbing configuration, created
an ideal enviromment for vapor locking., Air or working fluid vapor
that collects in any portion of a solar collector allows that area tc
heat up and vaporize additional working fluid. This event forces the
flow of the working fluid through other collection circuit paths.
Eventually, high flow rates across small collector surface areac develop
and clevated pressures are encountered. If the pressure becor.es large
enough, pressure relief valves, necessary to protect the solar ccllecters,
will be activated and purge the collection system of the working fluii.

During initial start-up, efforts were made to charge the system

with the working fluid during daylight hours. This proved unsuccessful
because of the ambient heat that was already present in the system.
After much trial and error, the system was successfully charged in the

early morning hours before the system would heat up. In this regard,
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the following minor plumbing modifications were made to assist in
the operations:
a. replacing the 30 psig pressure relief v-lves;

b, removing the air vents on the individual solar collectors.

Due to apparent high thermal stress conditions btrought on by & large
diurnal temperature differential often in excess of ?OOOF, the air
vents allowed air to enter the system at night as it cooled;

c. the addition of some additional gate valves on the ends
of all header pipes to allow for fluid bleeding during charging and

thus the elimination of air pockets from the system.

These mechanical changes, in conjunction with the use of a
low speed pump, and careful adjustment of the balancing cocks on the
flow network, led to successful charging of the system and the elimina-
tion of the vapor locking problem.

Another problem encountered with the solar collectors during
the construction phase was spacing. Spacing requirements depend upon
the plumbing configuration desired, and the brand of collector utilized.
The more piping required to connect the solar collectors in a specified
plumbing confipuration, the greater is the space required between the
solar collectors and thus the greater is the non-productive ares of
the array surface. Some solar collectors currently available are
vlimhed from the rear and do not require extensive surface spacing.
Hewever, they do require array access. Additiunally, it was noted
cricr ‘iimensions provided by the manufacturer are only approxi-

cnte and sufficient, tolerance should be provided tc allow for installation

Ly ;
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None of the solar collectors were broken or damaged during

' the construction phase nor during the test and evaluation phase tc
date. Although the exterior surfaces do collect dust, this does not
appear to affect their performance. Precipitation cleans the surfsacc.
No erosion of the collector surface has been observed.
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5.5 Thermal Storage Tank

Due to the diurnal nature of the sun and the unpredictatility
of weather, a thermal storage system is required in corjmction with
any solar heating system. Potential storage containers for a water
media system include steel, fiberglass and concrete tanks which can
be located either above or below grade.

The selecticn of a thermal storage tank for thic pr jecr m-
based largely on cost and the application of the recult: to Irr- -
scale retrofitting of Air Force family houcing units.

Based on cost alone, a reinforced concrete tank aprearc: o

be an ideal choice. At approximately 15 to 20 percent cf the covt of

a comparable steel or fiberglass tank, a concrete tank could, in tlecrv,

hold almost 20 percent more thermal energy than a steel or fiberglass

tank of equal volume because of the additional thermal storage vrovidesd

by its concrete mass. In addition, on a large-scale retrcfit basic,
concrete tanks could be fabricated at the construction site. A reluc-

tion in cost may also be realized because of the ability of the lia

to be poured in the configuration necessary for the associated 3lurlin

A 2500-gallon concrete storage tank was selected for this
project. This tank was the largest "monclithically” poured cencrete
tank available from local sources and is schematically illustrated in
Figure 5.18. The tank wac placed belcw grade adjacent to the founda-

ti-n of the Sclar Tcot House for aesthetic considerations and thre
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benefit of the added insuiation that would be provided by the warmer
sub-frost line soil environment, Other energy conservation proce-
dures involved insulating the tank sides and top with two one-inch
overlapping layers of polyurethane sheets which were attached with
hot asphaltic mix.

Some special care had to be taken during the placcment of
the concrete thermal storage tvank. The subgrade had to be of a

porous nature and as level as possible to prevent excessive stresses

‘and cracking in the tank. (See Figures 5.19 through 5-22.)

During the initial operation of the thermal storage tank,
the water level in the tank continually decreased as is illustrated
in Figures 5.23 and 5.24, These observetions were alarming as a
definite uniform loss pattern was occurring. Possible sources of
leakage were thought to be either loss through the concrete walls
via cracking or vaporization through the manhole access 1lid., This
uniform water loss was occurring at a rate of approximately 0.55
inch per day {one gallon per hour) and represented an approximate
thermal loss of 600 Btu/Hr,

In late December, the thermal storage tank weas pumped out
to allow a plumping crew access to the tank in order to make a
plumbing modification (change the location of the Toot valve cn the
domestic l.ot vater pre-heat system). To prevent the loss of over
2300 gallons of heated water, two members of the Air Force Acaiemy
Fire Nepartment tmmed the heated water (approximately lOOOF) ont:

o the tank and stored it in a heated garege until it was needed for

r~fill ~ few hourc later. This operation is shown in Figure 5-.7%,
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Figure 5.25 Pumping Out the Thermal Storage Tank
{23 December 1975)

This operation provided the opportuiity to visually inspect

the inside of the tank. The results of this inspection were:
a, there were no visible cracks in the concrete walls;

b. the concrete surface had slightly eroded, exposing

some "honey combing" which showed a somewhat porous aggregete mix,

c. the heat exchangers had a slight coating or "suspect"

calcium carbonate and had some corrosion deposits as well.

d. the gelvanized pipe and fittings were substantially

corroded whereas the copper was not.
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The thermal storage tank was initially filled with ambient

tap water of a temperature of approximately 50°F, The adjoining
soil temperature was approximately 7OOF. During initial system
operation, the temperature in the tank ranged from 100°F to lhOOF ;,

with 170°F being experienced once. The water chemistry characteristics !

of the ambient water are reported in Table 5.2 for November 1975. The 1

results of these observations may be summarized as follows:

!
K
a. The pH drastically increased, The alkalinity changed fﬂ
species as a result from bicarbonate to a carbonate/hydroxide mix. g
|
1
b. The hardness decreased, This at first appeared to be
a dichotomy but the water temperature rose considerably in November. ‘#

This would have the effect of lowering the calcium carbonate/calecium [

hydroxide solubility product and induce precipitsation.

¢. The dissolved oxygen level remained substantially
conctant and essentially at saturated levels. It appears that there

is no microbiological activity on the basis of this and the high pH.

‘n curmary, it appears that the high temperature ambient
tar water reacted with the fresh concrete and leached out some cf
tie lime v the cement. These characteristics have remained stable
since, Thi. weter dces not circulate through the solar collectors.
Lo57 percent misture of water and ethylene-glycol is pumped through
tlie solar collectors and lischarges the thermal energy geined to thic
vater via heat exchangers placed in the tank.

Concerned about this water loss, an investigative effort

mring e Uprine 1776 Semester was accomplished to examine the

540
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This investigation demonstrated that:
a. thermal stresses cause cracking in both the ‘
non-reinforced and the reinforced concrete tanks; ;
b. seepage from reinforced tanks is controlled and
continuous, but slow (see Figure 5.27);
c. special waterproof coatings hold up well under thermal
flexing (see Refernece 5); ]
d. a heavy, well distributed steel reinforcement pattern
that provides for continuity at high stress points, such as the ‘li

effects of thermal stress on concrete tanis. In this investigation,
a series of geometrically scaled reinforced tanks were constructed
in different configurations and then subjJected to thermal stress

loadings. Such an experimental tank is shown in Figure 5,26,

Figure 5.26 Model of Thermal Storage Tank

i
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corners of rectangular tanks, should be used;

e. reinforcing steel in both faces and in both directicns

in the walls should be used because of the flexure involved.

Sidh

oo o

Figure 5.27 Thermal Stress Cracking Pattern

The cracking shown in Figures 5.26 and 5.27 has been
highlighted with a felt tipped marker to make them more photo-
graphically visible., Typically, under both the hydrostatic stress
and thermal stress (water temperature 1920F and the ambient air
temperature 65°F), the crack spacing so propagated would be approxi-
mately 0,000l inch; i.e., hair line. The concrete used had a
seven-day strength between 3000 and 4000 pounds per sguare inch (psi).
Type III high early-strength cement was used without additives. No
course aggregate was used .ecause of the narrow control dimensions

of the wall thickness. The aggregate thus used consisted of sand
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that would pass the number four sieve. Reinforcing was accomplished
with 0.154-inch diameter steel wire with an approximate tensile
strength of 1300 pounds (70,000 psi).

In conclusion, the successful long-term application of
reinforced concrete thermal storage tanks for solar energy systems
can result in a substantial decrease in capital costs. On the basis
of the experience gained with such a concrete tank in this project,
leaking appears to be a definite problem. However, after pumping
out the tank for maintenance and inspection and subsequent refilling,
the water loss was decreases to only two inches depth over a six-
month period. An investigation into why this occurred has not started.
In the future, rather than using a rectangular tank, a right circular
cylinder tank may prove more beneficial because it eliminates serious

. . . 0
stress concentrations that are possible in 90 corners.
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5.6 Supporting Mechanical Equipment

Several types of heat exchangers were incorporated into the
space heating and domestic hot water preheating systems, Recaune of
the freezing temperatures encountered at the Air Ferce Academy, heat
exchangers were installed in the therral storage tank for oboth the
ground and roof array loops. In so doing, a small amount of thermc-
dynamic efficiency was forfeited in favor of a material savings in
ethylene-glycol of over 1100 gallons. Moreover, the envircnmental
problem of the potential hazardous material spill was negated.
Thermally activated, self-draining systems were considered but were
not believed to be fully reliable. These heat exchengers, manu-
factured by Tranter Platecoil, are of the flat steel plate type
with serpentine fluid paths. These heat exchangers were plumted
vertically, two per array loop, as shown in the as-built drawings
in Appendix C. The installation of cne of these heat exchangers in
the thermal storage tank ic shown in Fipure 5.28,

A Trane Climate Changer multirow aluminum fin heat exchanger
with a 1500 cubic feet per minute (cfm) blower was installied in the
furnace supply air plenum. This unit is shown in Figure 5.7%,

A Bell and Gossett shell and tube heat exchanger was installed
in the domestic hot water preheat loop. The primary hct water tank
make-up line from the street main was directed through the tuce,
while the solar-heated water from the thermal storage tank wacs
rimned through the sheill. This heat exchanger 1s kept charged ty

hoth a flow cwitch in the make-um 1ine and an amuartal in the ~hell.

A g o AP o e T S e T A -
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Figure 5.28 Thermal Storage Tank Heat Exchanger

Figure 5.7 FPurnace “upply Air Plenum ilent Fxchanger
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' Both of the pump activator loops are governed by an electrical
timer which shuts off power to the preheat loop from 2200 hours to

0500 hours to conserve electrical energy. Typically, this heat ex-

changer loop preheats the domestic water to 100°F and the natural
gas-fired hot water heater heats the water the rest of the way to

‘ 130°F. The preheat temperature level is & variable that may be changed.

y

It is dependent upon the temperature of the water in the thermal storage i

: tank. 4

Four Bell and Gossett single-flow rate (constant speed) pumps i

/ were used to support the solar energy heating system. These pumps :
and other supporting mechanical equipment are shown in Figure 5.30.

P

o P NS

e

Figure 5.30 Solar Energy System Mechanical Equipment
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The pumps for the heat exchanger in the furnace supply air plenum

and the damestic hot water preheat loop are rated at 1/6 horsepower.
The pumps for the ground and roof array loops are rated at 1/2 horse-
power, The flow rates through the ground and rcof array loops are
varied by a Honeywell moduleting flow control valve as is shown in
Figure 5.31. These valves are motor controlled and computer activated,
the signals of which, are based on programmable system temperature

differentials, They provide a range of flow rates that vary from 2 to

16 gallons per minute (gpm).

Figure 5.31 Modulating Flow Control Valve
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Both the roof and ground array loops contain a Tyco brand

diaphragm expansion tank with a float air bleeding valve and a 50 psig
pressure relief valve., Normal operating pressures are approximately
15 psig to 20 psieg. Substantially higher pressures can be experienced
as the working fluid temperature rises under unusual conditions such
as power outages.

All piping used consisted of type K and L seamless copper tubing.

i Where connections were required to equipment components of discimilar

materials, dielectric unions were used.

} The selection of the types and quantities of insulation required
! |

to prevent heat loss in the various loops rejuired sericus consideraticn.

Initially, all lines were designed to be completely insulated with sleeve

type insulation. However, during the final design, it was realized that

L

‘ such & practice would result in an insulation cost in excess of IG00OC.
i Redesign resulted in the following being used:

' a. powdered hydrophobic type for piping Z.sulation to the gre :nd
array,;

b. fiberglass split-sleeve type for piping insulaticn from the

storage tank to the basement and in the basement;

ii c. foam rubber (Armaflex) type insulation for exposed piping
"‘ﬁi to the roof array;

d. all piping within both the roof and ground arrays would
remain uninsulated.

During the cmeration of the system, it has been determine? that

filling the ~rray niping raceways with poured-in fiberglass insulation
Y DIY 3 Y !

g;’il should be further investigated,

:
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CHAPTER 6

INSTRUMENTATION AND CONTROL SYSTEM

6.1 Introduction

In support of the belief of Air Force Academy officials that
the most gains to be made in soler energy applications lie in contrnl
theory ratiher than in solar collector technology, significant engineering
efforts were directed at the instrumentation and control system (ICS).
The objectives of this ICS were to identify all significant solar energy
system operationél and performance variables and thereby develop the
necessary solar energy system control functions., To achieve these
objectives, a completely flexible ICS was : ‘uired and so developed.

To accurately determine which are the impertant variables in
a solar energy system, both digital and analog data are required.
The final configuration of the instrumentation system required for
this project could not be completely anticipated at the beginning of
the design phase. As additional knowledge of the solar heating syster
was gained, instrumentation requirements changed slightly. Accordingly,
the ability to readily expand or change the instrumentation system was
identified as necessary and was provided.

At the start of the project, the optimum control algerithm for
the solar neating system was an unknown., The approach was to use

the instrumentaticn system to develop the optimal control system. Thus,
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a control system that could easily be changed or restructured was
essential. Both the requirements for rapid change and flexibility
were accomplished by using & microcomputer system as the central
data gathering and control point, By selecting the necessary date
sensors and interfacing these with the microcomputer, the data
necessary to determine system performance was readily available,

System control was alsoc accomplished by developing an
appropriate program for the microcomputer. After the initial control
algorithm was established and programmed, adjustments in system
operation were made by changing computer "software" rather than
"hardware,” The process of developing the optimal control algorithm
has been going on since system start-up. However, by being able to
both observe system performance and meske adjustments to system
operational configurations on a real-time basis, the ability to
optimize system control hes been tremendously enhanced.

By observing the solar energy system performance over an
appropriate period of time, the most significant system variables
necessary to develop an optimum control system became readily
available, The final criteria for the evaluation of these was

"cost per unit of energy delivered.”
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6.2 Solar Heating System Software

The solar energy system is composed of two major dynamic
sub-systems - the collection cycle on the two arrays and the heating
cycle, The control algorithms for these two sub-systems are shown in
Figures 6-1 and 6-2. The ground array control is based on the same
logic as the roof array, but its operation is completely separate.

The microcomputer scans all system sensors and executes the control

(15, o ClihBin . aKiars

function every eight seconds. This execution rate is also a system
variable. Again, it should be emphasized that these algorithms are
implemented i» software. If changes to the operation of either array
or the heat coil are desired, then only reprograming of the micro-
computer is required. The ability to observe the effects of these

changes on a real-time basis has been the key to evaluating the

different operational schemes. ]
In developing the real-time task scheduler, two approaches
were considered for the allocation of the computer central processing
unit (CPU) to the tasks defined by the control algorithms. The first
approach considered was to make the control task interrupt-driven; i.e.,
to initia'e a control function whenever some external event or condition
occurred. The second approach considered was to run the control process
tasks in a preassigned order at preassigned rates, using delay and
timing loops.
The second approach was considered to be easier to implement
as well ag less costly since interrupting generating ani servicing
circuits and programs are not required, and was thus adopted., Its flow

chart iz illus’rated in Figure 6,3. A basic delay routine can bte used
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to do timed waits or control actions in mechanical or chemical systems
where process changes are so slow that the majority of the control
} time is spent in delay loops. The control sub-program is executed

every eight seconds as deteimined by the software counters. Printouts

RS VTR

e

are done every 15 minutes, as determined by an external alternating

current (a-c) line-operated digital clock connected to the micro-

canputer or every time a control function changes. Other various

PUPUSN P
N -

k- software sub-program flow charts are incluvded in Appendix D.
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Figwe 6.1 Control Algorithm- Arrays
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HEAT COIL
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Figure 6.2 Control Algorithm - Heat Coil
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CIOCE VALVES, SHUT OFF PUMPS
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CALL
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CALL
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Figure 6.3 Control Algorithm - Tagk Scheduler
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E 6.3 Solar Heating System Hardware
v The solar energy system hardware is composed of a number of
: camponents, the major ones being the:

a, microcomputer
b. status display console
c. teletype

d. control outputs

These camponents are illustrated in Figure 6.4 and described in further

i detail on the following pages.

N

.f ?

-
—-—

Figure 6.4 ICS Hardware in Mechanical Room

rose
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The system microcomputer, an Intellec 8/80, has three major

sub-systems: the input/output ports (I/0), +he central processing

4
g
i
kL
i
i
i
1

unit (CPU) and the memory. The basic computer has four each 8-bit

inputs and outputs. Two additional IMM-81 /0 cards were added to

A B e ke

expand the machine to 12 input/output ports. The CPU cycle time is

PR

approximately two microseconds per memory cycle and the CPU has eight
internal registers, push-down stack and arithmetic, logic and contrcl
instructions. It can address 256 inpﬁt and output ports and 65,000

words of memcry. It also has over 8000 words of Read-Write-Memory ;
(RWM) for temporary data storage. The memory used to store the contrel

algorithm is Erasable, Field-Programmsble Read-Only Memory (PROM). The

microcomputer is also connected to a visual status display conscle
provided for real-time observations of system operating configuraticn:
and selected system sensor points. The teletype provides for the
permanent acquisition of the “nstrumentation system generated data,
Various system hardware componerts are illustrated in Figures €.5

through 6,12, Electronic schematic diagrams are included in Apren:'v o,

Al . et . et e 32, i MDA s mttis o m

A1l systems control cutput: and senser inmmte can e dist i
on the status display conscle with 'uch emittinge dicde (LEZD) 1i-tt:

to indicate on/off, the status of binary contr:-l fSancetions, ang foc

digital read-out of the sensors. The status distlay ~onos . < push- i
button switches that are mounted on a schematic diayrar - ° o CUAFA
LY
. . A
Sclar Test House so that the status at any point in the oy o0on -2 be g
disrlaycd in responce to switch requests. The buttcens are 811 ~nnected X

to a priority encoder which the computer interrogates. If any ~witeh

is depressed, its encoded sequence number is read b tie computer. The
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‘ Figure 6.5 Digitizer Card
v,
.
S

.

& J Figure 6.6 Power Control Box with Microcomputer Controlled .

- Solid State Relays ¥
6-10

IR, Tl W 6 s vy T s R

-




—

Figure 6.7 Top, Rear View of Microcomputer Chassis Rack
Showing Digital Clock and Senscr Read-Cut Units
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encoded number is, in turn, used as an index into a data table and on
this request, the corresponding sensor value is output to a digital

read-out. This status display console is illustrated in Figure 6.13.

Figure 6.13 Status Display Console

The teletype used is a model ASR-33 (automatic send/receive).

This teletype records instrumentation system data on roll paper for

immediate visual review and on heav-y-duty black paper teape. It is

read through a high-speed reader, transferred to megnetic tape for
system off-line analysis, and permanent storage. The data sampling
and data recording rates are system variables and can be changed to
any appropriate rate for required data analysis. This teletype is

shown in Figure 6.1k,




Figure 6.14 Teletype

A large number of control functions were implemented simply as

on/off control. The standard interface for these was a low level TTL
(transistor-transistor-logic) signal. If the device being controlled
was electrically direct-current (d-c) powered, a transistor switch
was used. Such a switch could not be used with a-c powered motors
and Inductive loed switching because of potential hazards such as
ground loop noise and electromagnetic interference. To overcome these
problems, solid state relays with optical coupling between input and

output circuits were used, This allowed the microcamputer logic-level
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signals to directly control the switching. No derating was required
¥ & for the inductive loads and switching was done only at the waveform

zero crossing. For those devices which required a proportional analog

e B SRR

g % control output, & standardized output interface was established as

0.0 to 2,0 ma d-c, This range was picked because of the availability

of low cost digital to analog converters with this specification. 1In
the case of the modulating valves, because they required a different .
control range, a special interface adapter had to be constructed. The

electronic schematic for this is included in Appendix D,
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6.4 General Considerations for Signal Acquisition

The first requirement of a computer-based instrumentation and
control system is to sense and read into the camputer the process
perameters, In the ICS at the USAFA Solar Test House, a variety of
sensors were required that provided a variety of electrical outputs.

The various sensor inputs to the multiplexer were standardized
to be a d-c voltage in the range of O to 10 volts. Any ‘sensor which
generated non-standard electrical signals (pulse duration modulation
or sinusoidal outputs) was interfaced to the system via an interface
adapter which converted the unique signal to the standard 0 to 10 volts
d-c required by the multiplexer. In this regard, two major problems
involving datea fan-in and common signal format were encountered and
overcome,

The data fan-in problem was associated with how to monitor
all the process varisbles associated with the ICS without providing
individual analog to digital conversion and an I/0 channel for each
analog process parameter, thus avoiding the associated high costs,
Because the sampling rate was not too great, it was possible to time-
share the analog-to-digital converter (ADC) and computer I/0 channel
by the use of an analog mulﬁiplexer. Accordingly, such a multiplexer
was designed to allow all the sensors to be read through a single input
port using a common digitizer. The schematic for this multiplexer is
included in Appendix D. The program outputs a sensor number, The
multiplexer, in turn, connects the requested analog channel to the
common digitizer, and the converted digital value is then input by
the micrccomputer. The total time for this process is approximately
0.2 milliseconds,

6-17
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The analog multiplexer (AMUX) was constructed using digitally
E controlled MOS (metal oxide semiconductor field effect transistor)

switches., Two cascaded ranks of 8-to-1 switches were used. This

allowed any one of 64 analog signals to be accessed based on a 6-bit
address word. The AMUX was constructed with latch-proof overvoltage

protected MOS switches to maximize the mean time between failures.

e ey -

Because the digitizer used required a d-c signal in the range of O to

10 volts, the AMUX was designed to pass this same range. The micro-

“

e

camputer program provided the software interface by setting the multi-
plexer to each sensor, strobing the digitizer, and reading and storing

i the digitized value into the microcomputer,

{ ; The digitizer represents the bulk of the time delay in the

i

% i sensor system since the analog switch requires 0.25 microseconds per
a cycle, The constraint on the sampling process is that each sensor

input is serviced at a rate no less than twice its highest frequency

g

camponent. This is related to the number of channels (NCHAN) and to

the highest frequency component in the analog signal, as shown below.

1
Towiten " ey * Teomv € 2 £, NCHAN

This system has proven to be well suited for the ICS, It has the

potential to sample 40 to 1000 sensors per second.

Since the digitizer required 0 to 10 volts d-c, this was adopted

as the system standard sensor interface and brought about a second problem

of o common signal format, Sensors which generated non-standard electrical
signals were interfaced to the system via interface adapters. Schematics

for these are included in Appendix D.

T S ) N 0O W 2w
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6.5 Solar Radiation

The first requirement for any solar energy system evaluation
is to determine what energy is available. There are various instruments
available for this measurement of solar radiation (insolation); however,
the most common instrument is the spectral pyranometer. This instrument
measures total radiation intensity (beam and diffuse) on a plane. In
as much as flat plate solar collectors use both beam and diffuse radia-
tion, the choice of a spectral pyranometer was éonsistent with the
application to this project. Accordingly, an Epply Precision Spectral

Pyranometer was used.

This pyranometer provides an output signal that is proportional
to the incident solar radiation intensity. The approximate range of
this d-c voltage signal is from O to 12 millivolts, and in order to
adapt this low signal level to the standard O to 10 volt d-c signal
range used for digitizing, the signal was smplified by a X500 gain stage
mounted in the pyranometer base, The schematic for the interface adapter
is included in Appendix D. In order to determine the total energy availa-
bility, the pyranometer signal must be integrated with respect to time.
Results of this operation will be presented in Chapter 7.

The pyranometer was mounted on a rotatable steel platform and
then installed on the roof of the Solar Test House. The pyranometer
was set in a horizontal plane, but it can be set at any horizontal
angle to allow for the direct measurement of radiation received by a

collector at any slope. The pyranometer, installed, is shown in

Figure 6.15.
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6.6 Other Meteorological Monitoring Equipment

In addition to solar radiation information, the significant
weather variables with respect to solar energy system performance
appear to be wind speed, wind direction, temperature and humidity.

- This information is usually availeble for a general vicinity. However,

el ot

to accurately determine the effects of these parameters on the per-

- el ik .

formance of the solar energy system, it was necessary to measure
these parameters at the site. |

Accordingly, with the assistance of the United States Air
Force's Air Weather Service of the Military Airlift Commend, an AN/
TMQ-15 wind measuring set and an AN/TMQ-20 temperature and dew-point
measuring set were installed at the USAFA Solar Test House. Both of
these tactical weather towers are standard inventory items. They are
illustrated in Figures 6,16 and 6,17.

Both these instruments generated pulse-modulating output i
signals that were not compatible with the analog multiplexer and the
digitizer. Consequently, a conversion scheme using a low-pass filter
to extract the average value of the TMQ-1D signals was used as was i

similar circuitry for the TMQ-20 to provide the required standard O to

10 volt d-c interface. These schematics are included in Appendix D,
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6.7 Temperature Sensors

] ' An accurate temperature sensing ebility is a definite

! . requirement for any thermal instrumentation and control system. In

3 this regard, the entire solar energy system control process is based

: i ) upon being able to evaluate specific system temperatures. A 5 to 10
percent error in temperature evaluation can lead to a similar loss in
system energy collection efficiency. Temperature transducers mami-
factured by Releo Products, Inc., as shown in Figure 6.18, to

measure air (dry) and working fluid (wet) temperatures were used.

Figure 6.18 Temperature Transducers
(Top - Dry, Bottom - Wet)
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These temperature transducers use p-n semiconductor junctions

to produce & linear voltage (to within + 0.1%), with respect to )

temperature, and can be fabricated in accordance with sensitivity,

zero point, and supply voltage specifications. Because the internal

microcomputer representation is & binary 8-bit mumber in the range

of 0 Lo 255, the temperature sensor sensitivity was chosen so that the

digitized voltage number was exactly the same as the Fahrenheit tem-

perature it sensed. This allowed for the meximum resolution and

accuracy of temperature measurement consistent with single precision

integer arithmetic with an 8-bit computer.

|
é
: / The temperature transducers require no interfacing with the

anslog multiplexer because their signal voltage outpit is in the

r
i a standard range of 0 to 10 volts d-c, The powe. supply cable provides

15-volt power and is ground to the transducer. To minimize drift in

the sensor output, a 0.2 percent line and load regulation is maintained

on the 15-volt supply line.

The temperature transducers were installed in the Solar Tecst

House and Control House as shown on the as-built drawings in Appendix C.

The method of mounting the dry sensors is quite flexible. All that is

required is for the transducer to be campletely exposed to the air

or to the surface of which the temperature is to be measured. No dry

sensors have malfunctioned since their instellation in October 1975.

The wet sensors were mounted so they could be exposed directly to the

working fluild. The conventional temperature well was not utiliced

due to the associated decrease in the response time of the transducer.

Instead, the mounting device consisted of a brass plw; with an outside
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diameter equal to the pipe tee inside-diameter they were installed in,
This brass plug was center drilled to accept a 5/16-inch female com-
pression fitting. The brass plug was then installed in the pipe with
a sweat fitting. The center of the compression fitting wes drilled
out to the outside diameter of the temperature transducer. Then, the
compression fitting was tightened around the transducer and then
installed in the brass plug. No leskage has been encountered or
maintenance has been required for this mounting device. Some typical

installations of these sensors are shown in Figures 6.19 and 6.20.

Figure 6.19 Wet Sensors Installed in Domestic
Hot-Water Preheat Coil
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Figure 6.20 Wet Sensors Installed

in Roof Array

Header Pipes
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6.2 Flow Measurement

By combining temperature information with the fluid flow
rates, the energy production capability of the solar heating cystem
can be determined. To do this, the fluid flow rates through the
following system components have to be known:

a. the solar collector loops
b. the preheat hot-water loop

c. the furnace heat-coil loop

The initial hardware used to measure the fluid flow rates were
differential pressure devices, Meters were installed to induce non-
uniform fluid flow. Pressure transducers were fitted into the meters
to measure the resulting change in pressure. In the end, these units
were ineffective. The flow rates were quite small and consequently
produced very low pressure changes. As a result, the pressure
transducers' sensitivity was not adequate and required constant
calibration,

To alleviate this problem, rotometer type flow meters (Potter
Meters) were used. These meters were calibrated under laboratory
conditions on a flow bench to establish an accurate relationship
between meter output and fluid flow rates. These meters generate
a sinusoidal output voltage, the amplitude and frequency of which
are propertional to the flow rate. The frequencies range from 10
to 100 Hz and the amplitudes frem 0.02 to 0.20 volts rms for flow
rates of 2 to 20 gallons per minute. An interface circuit was re-
quired to convert the sinusoidal output of the flow meters intc the

standar: QO to 10 velt d-c range required by the analog multiplaexer

6-27

PRSI




and digitizer. The interface circuit used consisted of a 10 to 100
gain stage followed by & peak detector and was constructed using pAT4HICY

operational amplifiers. This circult schematic is included in Appendix D.

One of these meters is illustrated in Figure 6,21.

Figure 6,21 Fluid Flow Meter
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6.9 Other Instrumentation

[P SRR W

Gas meters of the type shown in Figure 6.22were installed

, on the main house gas supply, the furnace supply, and the domestic
: hot-water tank in both the Solar Test House and the Control House.
The gas meters are not interfaced with the microcomputer. Instead,

periodic readings are taken by the applicable resident engineers.

. Figure 6.22 Natural Gas Meter

A camparison of the readings of the two houses confirms the
performence of the solar energy system,

Electrical meters of the standard wetthour type were also
installed. In the Solar Test House, they were installed to monitor
electrical consumption by the furnace fan, roof array pump and
modulating valve, furnace heat-coil pump, ground array pump and

modulating valve and the domestic hot-water preheat pump.
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v S These meters are illustrated in Figure 6.23. In the Control House,

f only the furnace fan is metered as it is the orly common electrical
consumer in the two heating systems. Again, the electrical meters
are not interfaced with the microcomputer. Instead, periodic readings
are taken by the applicable resident engineers. These readings provide

! information for the operating cost of the solar energy system.

Finally, a manually operated float meter was installed to

i determine the depth of water in the thermal storage tank. It is
periodically read by the resident engineer. It is illustrated in
Figure 6,24,

o
T

; Figure 6,23 Electrical Meters in Solar Test House
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’ Figure 6.24 Thermal Storage Tank Depth Meter
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CHAPTER 7

TEST AND EVALUATION DATA AND RESULTS

T.1 Introduction
The data required to evaluate the overall performance for a
solar energy system may be grouped into the following four categories:
a, the energy that is available from the sun;
b, the portion of that energy available from the sun theat is
collected and stored;
c. the portion of that energy collected and stored that is
delivered to the house; and

d. the total energy required by the house.

The first category is a function of the geographic location
of the house and once sited cannot be controlled by technology.
However, the latter three categories can be controlled by technology
if they are well understood. The last category, total energy required,
relates to c¢nergy conservation and becomes & static parameter once the
house is built. Thus, the middle two categories, collection/storage
and delivery, become the all-important system components of the solar
energy heating system. Because of the dynamic nature of the energy
avaeilable, these two system components must be able to function in a
supporting manner with each other across a wide operating enviromment,
The importance of this mutual relationship became quite apparent during

the initial test and evaluation phsse.

T7-1

gy A ’Q‘M Wz LA .,



e

The actual data required to evaluate the solar energy system
component performance in order to determine the effects of different
control scheme configurations is significantly more detailed, The
data points being recorded at the USAFA Solar Test House by the
Instrumentation and Control System (ICS) are explained in Table 7.1,

The data collected ic recorded on teletype roll paper and
teletype computer punch paper tape. The data on the paper tape is
read onto a magnetic tape for permanent storage and off-line analysis
as required., The computer program used to convert the data from the
paper tape to magnetic tape is included in Appendix E.

The computer program used to anaelyze this data is also included
in Appendix E and will be referred to in detail throughout this secticn.
In addition to the recorded data points previously shown in Table 7.1,
this analysis program calculates the additional data points as shown
in Table 7.2. A standard deily summaxry produced by this analysis
program is shown in Figure 7.l. These daily summaries, together with
the teletype roll paper (cut into 8-inch by lO%-inch sheets), are filed

in a daily system performance project folder.




Table T.1 ICS Recorded Data Points at the USAFA Solar Test House

G e ML .

TDATA (1) = Time
2) = Air temperature outside Ground Array g;
(3) = Collector surface temperature west end of Ground Array P
() = Collector surface temperature east end of Ground Array |
(5) = Water temperature out of Ground Array Lo
(6) = Water temperature into Ground Array i
(7) = Storage tank water tempzrature ;
| (8) = Air temperature outside Roof Array
(9) = Collector surface temperature west end of Roof Array
(10) = Collector surface temperature east end of Roof Array
. (11) = Water temperature out of Roof Array
o (12) = Water temperature into Roof Array
, (13) = Pyranometer output
b (14) = Outer surface temperature of storage tank (inside insulation)
(15) = Ground temperature outside storage tank insulation
e (16) = Hot water preheat 1
(17) = Hot water preheat 3
(18) = Actual house temperature
Fo (19) = Desired house temperature (computer thermostat setting)
(20) = Water temperature into heat coil
(21) = Water temperature out of heat coil
~ (22) = Water temperature heat coil by-pass
[ (23) = Air temperature below heat coil
. (24) Test house living area temperatures in 24-30 (31)
r (25)  See house as-built drawings for locations in Appendix C (32)
» (26) (33)
k (27) Corresponding control house living (34)
s 2283 Area temperatures are shown in 31-37 E3§§
r - 29 36
ki. (30) (37)
<
<3 538 = Flow rate for Ground Array
Pl 39) = Flow rate for Roof Array
g (L0) = Flow rate for heat coil
NS
Y‘ﬁk (L1) = Valve position Ground Array
a2 (42) = Valve position Roof Array
‘;; (43) = Computer control output
X (4L4) = Wind direction
& (45) = Wind speed
(46) = Dew point temperature
(47) = Ambient temperature
7-3 ;
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Table 7.2 Solar Test House Data Analysis Program - Calculated Data

Points

SUN
TDATA&?M; = [Btu/SF = Min Available Horiz] x 10
TDATA(75) = Btu/SF = Available Horizontal (since last datae point)
TDATA(85) = Btu/SF = Availsble Ground Array (since last data point)
TDATA(86) = Btu/SF = Available Roof Array + 1hk (since last data point)
TDATA(9L) = [Btu/SF = Min Available GA] x 10
TDATA(92) = [Btu/SF = Min Available RA x 10] + 1kl
HEAT COIL
TDATA(TE) = Btu 1288 fouse (since last data point)
GAS
TDATA(T7) = 222 1;‘88 House (since last data point)
TDATA(78) = (TDATA(77) + TDATA(76))/10 = Total Btu into House/1000

(since last data point)
GROUND ARRAY
TDATA(79) = Btu Collected/SF Ground Array (since last data point)
TDATA(80) = Flow Rate (GPM) Ground Array
TDATA(87) = Btu Collected/100 Ground Array (since last data point)
TDATA(93) = [Btu/SF - Min Collected GA] x 10
TDATA(96) = TDATA(93)/TDATA(91) x 100
ROOF ARRAY
TDATA(81) = Btu Collected/SF Roof Array (since last data point)
TDATA(82) = Flow Rate (GPM) Roof Array
TDATA(83) = TDATA(79) + TDATA(81) = Total Btu Collected/SF GA and RA
TDATA(88) = Btu Collected/100 Roof Array (since last data point)
TDATA(89) = Total Btu Collected/100 (since last data point)
TDATA(90) = TDATA(81) + 1Lk
TDATAEgug = [Btu/SF - Min Collected RA x 10] + 1uk
TDATA(95) = TDATA(O4) - 1Lk
TDATA(97) = TDATA(95)/TDATA(98) x 100 + 100
CONTROL
TDATA(65) = 200 OFF, = 208 ON Heat Coil Pump
TDATA(66) = 224 OFF, = 232 ON Ground Array Pump
TDATA(67) = 248 OFF, = 256 ON Roof Array Pump
TDATA(68) = 208 OFF, = 216 ON Furnace Fan
TDATA(A)) = 232 OFF, = 2L0  ON Furnace Gas




i Figure 7.1
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Standard Daily Summary of Analysis Program

(22X

weea®  SOLAR DATA PLOTIER
MOUNT DATA TAPE, 200 8P|
ENTER MINMAX TAPE RECORD NUMBERS
ENTER NUMBER OF MONTH IN wrHiCH DATA WAS TAKEN
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KA oTu = 196182,
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GAS Blu 82532, (
oA Blu 108550, «(
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PLEASE MUJUNI

OF PLOT 1
PLOT 2
OF PLOT 2
PLOT 3
oF PLOT 3
PLOT &

% ENTER THE & VARIABLES OF PLOT 4
He BTU = 186170, ( 457- 820)

TANK WATER TEMP AT BEGIN OF RA OPERATION = 95 AT 932
TANK #ATER TEMP AT BEGIN OF GA OPERATION = 95 AT 934
GAS BTU = 19738, ( 12 AT 1002)
TANK #ATER TEMP AT END OF GA OPERATION = 106 AT 1631
GA BTU = 211400, C 417 AT 1631)
TANK #ATER TEMP AT END OF RA OPERATION = 106 AT 1635

C 423 AT 1635

95-1129)
W61, ( 690-1830)

1435,
134d.

17-1845)

13 AT 2052)
12 AT 2211)
1-2212)

15 AT 2249)
4 AT 2330)

27 APR 76

*o% SUMMARY OF QAY 113
GAS+5 0LAR= 352196,
AVAILABLE= 317923,
AVAILABLE = 298535,

[ & 2 ]

SOLAR= 243635,
COLLECTED= 211400,
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¢ 0170 2345
%SOLAR
b EFF
% EFF

PLOT TAPEL AT 200 BPI
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T2 Solar Energy Available

The output rrom the pyranometer is used to determine the solar
energy available, This output is processed by the Subroutine Sun
portion of the analysis program. By examining solar radiation data
available over a period of time, it appears that solar collector
orientation and cloud cover are the tvo major factors affecting energy
availsble to the solar collectors.

Orientation is defined by the solar collector slope (angle from
the horizontal surface) and the azimuth {the projection of the normal
of the solar collector surface onto the horizontal as referenced fram
due south). Most authorities on this subject agree that small varia-
tions in slope are more critical than swall variations in azimuth.
Accordingly, the best possible solar collector orientation for a
particular application warrants careful consideration.

Briefliy stated, the goal of orientation is to place the solar
collector so that maximum solar radiation is incident upon the small~st
quantity of surface area. This provides for maximum thermal gain at
the lowest cost. Because it is not cost effective to install tlat
plate collectors so as to follow the sun and have their surfaces remeain
normal to the beam radiation, it is necessary to determine the period
of time over which energy gain is to be maximized. Energy gain maxi-
mized over a full year would define an orientation different than that
meximized over a two-month peak of a heating season. The application
must also be considered. Space heating would require a significantly
different orientation than air conditioning. By determining the sun

position (azimuth and altitude) for the particular time period of

7-




interest in conjunction with the energy required from the solar
collectors, an optimum collector orientation can be determined.

In addition, the type of clouds, the time of day when they
appear, and their duration are major factors that affect solar
collector performance and thus impact their orientation with respuet
to azimuth, A good example of such impact is the daily occurring
afternoon thunderstorms at the Air Force Academy during the summer

months, This factor suggests that for maximum energy rain in the

summer, the morning sun should be favored thus definins a reguirement
for a south-southeastern solar collector azimuth, Although weathier
factors cannot be controlled, they certainly need to he evaluated to
both estimate the amount of energy available as well as the vrover 1
solar collector orientation to maximize solar energy collecticn.

Careful consultation with weather personnel 1s an abscl:te resuirerment, i

General weather trends over the past five to ten years for a location

will provide the information on cloud cover described above. The effact

of solar collector orientation on the amount of solar energy callected

and stored at the USAFA Solar Test House will be discussed in detail

in the next section.

There are ceveral methods for determining thic solar radiaticn

available at a particular location. The best method is direct measure-

ment. This method is time consuming and costly. IT tnis methou i- not

feacible, empirical calculation techniques or generalized charts with

isch»1i~dynamic contonrs may be used. The accurac, of these meiir is

a0

depends on the experience of th. user. Moreover, in *ie —agse of tic

latter, *he localized effects cf air pollution may ret be considered,
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A computer program to calculate the amount of solar radiation

available on & surface was recently developed at the Air Force Academy.

A listing of this program is included in Appendix E. This program
has proven to be acceptably accurate for design purposes considering
clear day radiation only, but requires some judgment in handling the
effects of cloud cover,

In summary, the best possitle information available on solar
radiation should be used in any design process. Any inaccuracies in
this determination can be projected directly to overall solar energy
system performance estimates.,

Appendix F contains the tabularized deta summaries for the
USAFA Solar Test House from December 1975 to May 1976. As can be
seen, the average monthly solar insolation has ranged from a low of
675 Btu/SF/Day to a high of 1575 Btu/SF/Day, values that are signifi-
cantly higher than the national average. In addition, typical

computer plots of selected varisbles versus time for random days are

included in Appendix G. Daily Solar Curves are among those included.
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7.3 Solar Energy Collected and Stored

The amount of solar energy collected and stored is celculated

by using the following equation:

Q. 110epeg = (@)(Cp)(AT)(C)
where

=
n

mass flow rate (variable)

Q
]

P specific heat of collection fluid

AT

temperature drop across the heat exchangers in the

storage tank (variable)

2
11

control function (1 or O, On or Off)

A1l calculations for energy collection and storage are performed
in the ground array and roof array subroutines of the analysis program.

One of the main thrusts of this project has been to identify
the major solar energy system variables, other than weather patterns,
that affect system performance. Work accomplished to date has previded
significant information on these system variables. The system variables
that appear to impact collection and storage of solar energy most signi-

ficantly are summarized as follows:

Ground and Roof Array Variables

a. slope and azimuth

b. working fluid

c. surface area

d. plumbing configuration
e, collector construction
f. control algorithm

g. cost

7-9
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Thermal Storege Tank Variables

a. storage mass and volume H
b. insulation

¢. location

d. control algorithm

e, cost

‘ Cost is considered to be a significent varieble under each

TS € ¢ . K a1 e 50

heading and is certainly related to each other variable, but is

YT

listed separately to stress its significance, The final test for
evaluating overall system performance is to determine cost per unit

of energy delivered. This will be discussed in Chapter 8.

’ ‘\—m——— . -

Solar collector azimuth is not a variable in this project.
Both arrays face due south. The slope of the roof array is fixed at

520 and the slope of the ground arrsy is a variable which was operated

~
A

at 450 during this past winter. As a result, significant variance in
energy received was observed. This information is presented in detail

in Appendices F and G and summerized in Table 7.3 and Figure 7.2. .

Table 7.3 Average Monthly Solar Radiation Values

RN

'} {(Btu/SF /Day)
"ii Month Horizontal Ground Arrey (L57) Roof Array (50°)
&
*:,: ?le;%*)’er 675 1249 1348
g1
e January
: o | i |
?ﬁi;?) 1236 1666 16kLs
‘(*11’31%) 1445 1500 1419
(1976 1575 1295 1195 ’
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i As can be seen, during the period of greatest heating demand
i (period of maximum number of degree days), the arrays received much
more solar energy than the horizontal surface because of the slope.
In comparing one array to the other, the roof array outperformed the
ground array because it was more normal to the sun altitude. This ;
i changed in March due to the increase in sun altitude as is reflected

in Figure 7.3 and Table 7.4 below.

Solar Collector Slope Sun Altitude

\\, (Horizontal Datum)

Figure 7.3 Slope-Sun Altitude Relationship

Table 7.l  Slope-Sun Altitude Relationship

Month* | Ssun Altitude ] & for Ground Array (L45°) | & for Roof Array (52°)]
Dec 27° 108° 101°

Jan 30° 105° 98°

Feb Lo° 95° 889

Mar 50° 85° 78°

Apr 62° 73° 66°

May 70° 65° 58°

June 4O 61° 540

* All sun altitudes for 2lst of month at 1200 hours)

In reviewing the information presented in Figure 7.3 and Table T.lL,
the slope configuration that provides an ¢ angle closest to 900 will re-

ceive the most solar energy. This explains Cross Over Point #1 on

T-12
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Figure 7.2. The ground array o of 85° is closer to 90° than the roof
array o of 78°. The second significant observation is Cross Over

Point #2 in Figure 7.2. Here, the horizontal surface begins to receive
more energy than the inclined surfaces. The explanation for this, as
shown in Table 7.h, is that the o angle for May for both arrays becomes
less than the sun altitude. This is not critical for a space heating
system because the corresponding heating demand is substantially less
as shown by the Degree Day Curve,

In summary, these observations reinforce the need to consider
the major application of the solar energy system in selecting its proper
orientation. For the USAFA Solar Test House, the slope was determined
from the general algorithm, latitude plus 120, which rounded up to 52°,
This algorithm is based on satisfying heating demand for the critical
mid-winter time period which happened to be the situation at the Air
Force Academy. Perhaps the best approach is to review the degree day
demand to be satisfied against the sun altitude as shown in Figure 7.k,
identify the critical periods and attempt to then select the proper
slope on the basis of what is available, It is anticipated that next
year, the ground array at the USAFA Solar Test House will be changed
to 60° to further investigate the effects of collector slope.

The collection fluid used to date has been & 50 percent by
volume mixture of water and ethylene glycol. This mixture will vaporize
at the ambient pressure in the hydraulic lines above QOOOF, and since
the array temperatures can occasionally exceed EOOOF, some vapor locking
has been eiperienced. This problem has been partially alleviated by

proper charging of the arrays. A minor plumbing modification, which
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will be described in Chapter 9, will mske a significant contribution

towards its eliminetion.

Two other working fluids for heat transfer are available

and have been used in various projects. These two fluids are 3

Dowtherm J and Therminol 60. A list of their comparative characteris-
tics with that of ethylene glycol are reported in Table T7.5. Because
of the toxicity and odor associated with Dowtherm J and the causticness
of Therminol 60, it was determined that their use in a residential
dwelling incorporating a domestic hot water preheat system should

not be pursued at this time. Although either of the alternative
fluids would require less mechanical energy for pumping, less heat
would be actually collected and stored due to the lower specific heat,
Unlike ethylene glycol, these alternative fluids cannot be mixed with
water. The 50 percent mixture of water and ethylene glycol has the
advantage of a high specific heat (cP = 0.77).

Solar collector surface ares can be used as the major adjustment
factor for system output once energy available and energy required have
been determined., It is possible to cover uncertainties in design by
buying more solar collectcr areas than needed, but then cost per unit
of energy delivered increases, The main consideration is to insure
that the entire collector area installed is effectively used. Manu-
facturers solar collector performance specifications in terms of the
number of Btu's gained per square foot are based on certain required
conditions of which there appears to be no industry standard estatblished

to date., It must be determined if these conditions will exist for the
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Table T.5

PROPERTY

COMPOSITION

COLOR
FREEZING POINT
BOILING POINT
FLASH POINT
FIRE POINT

AUTO IGNITION
TEMPERATURE

AVERAGE MOLECULAR
WEIGHT

VISCOSITY AT
100°F

DENSITY IN
LBS/GAL

SPECIFIC HEAT
BTU/LB/°F

CAUSTIC
VAPORS TOXIC
BIODEGRADABLE
ODOR

CoST

AVATIABLE

CORROSIVE

Comparison of Working Fluids for Heat Transfer

DOWTHERM J

Isomers of
Alkylated Aromatics

Clear
-100°F
358°F
145°F

155°F

806°F

13k

0.7

7.25 at 60°F

0.470 at 150°F

Yes

Yes

Yes
Strong
$4.00/Gal

From Manufacturer

No

7-16

THERMINOL 60

Polyaromatic
Compounds

Light Yellow
-90°F

310°

320°

(o}

835
250
0.59

8.33 at 75°F

0.420 at 150°F

Yes

No

UK

Faint
$4.00/Gal

From Manufacturer

No

ETHYLENE GLYCOL ]

Hydrocarbons

Clear
Function of Pressure
198°F

UK

UK

UK
62

16.2

9.25 at T2°F

0.366 at 72°F 1

No
No
Yes
Very Faint
$3.00/Gal

From Chemical
Suppliers

No (with additive)




N field application being considered before the required collector area #
and syster performance can be predicted. The plumbing configuration
| and control algorithm used will have much bearing on this.
An accurate hydraulic analysis of the array plumbing configuration

is required. The current plumbing configuration as shown in the as-built

drawings in Appendix C does not insure even flow conditions. Pressure
. buildup in any one of the four loops in each array can cause flow through
that loop to decrease and hence increase through the other loops. This
reduces collector area for & given flow rate and environmental condi-

tions and hence can seriously reduce energy collection. Careful

T T o

adjustment of the balancing cocks has alleviated this problem to a great
L'/
: degree.

°r Solar collector construction in terms of the number of glass

” e

covers, absorbing surface, working fluid conduit configuration, and
insulation must be adequate to provide the required system temperatures
. when operating in the design enviromment. The minimum system operating

temperature should be capable of providing useful energy to the system

t 3 at all times,

il } The control algorithm of the solar arrays may be the most
?1?. significant variable., It is based on three temperature sensors, a
;:;g constant speed centrifugal pump, two heat exchangers and a modulating
%‘;i flow control velve as schematically shown in Figure 7.5.

i

To begin operation, the golar collector surface temperature
is compared to the storage tank temperature. If the surface ic
warmer by QOOF, the array pump is turned on. This 20° AT appears to

be sufficient to prevent any excessive eycling of the cystem as it
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begins operation and also with this AT, energy will not normally be

; punped fram the storage tank during operation.

j
Working Fluid Outlet /“HeaLt Exchangers ;

Temperature
Solar ( 1 v 3
Collector Surfa Sensor: 1
Temperature Pump
Senso FFStora.ge Tank A
; Temperature
Sensor i
o
; é Flow Control Valve
b / Figure 7.5 Collection and Storage Control Algorithm
i Supporting Mechanical Components y
'ty |
¢ After the 20° AT is established, the collector pump is started
r and the flow control valve is placed at mid-position (flow = 8 gpm).
. Then, the temperature of fluid leaving the solar collector is compared
i to the storage tank water temperature. Based on this AT, the fluid
]
[}
Coy rate 1s adjusted to always maintain the collection fluid warmer than
E: i the tank fluid temperature. In other words, the system adjusts itself
»
ctzg automatically to the energy level as indicated by temperature present
¥
Tiég in the system at any point in time. If the system is operating and
3
g'zi the AT between the working fluid leaving the solar collector and the
F.
:fgh storage tank is less than 3°F, the flow control valve will be closed
., one step fram its present position. This will occur every eight

L

seconds (one step is 1/255 of the valve stem travel).

If the AT has not been improved by this lesser flow rate

¥ e
[ i 473

when the valve reaches 64/255 (flow = 2 gpm) open, the system will be
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shut down and will weit to recycle based on the original 20° AT, If
the working fluid tank temperature AT is between L°F and 9°F, the
valve will remain in its present position. If the AT is 1°F or
greater, the valve will be opened every eight seconds, Examinaticn of
the data summaries in Appendices F and G for this section will show how
flow rate adjusts automatically to the energy available.

The key to this control concept is that the entire operation
is based on a temperature difference and not an absolute temperature.
This allows the system to react appropriately to any given energy level.
It appears that this control method will always insure that if the system
is operating, it will be adding energy to the storage tank.

The AT's, flow rates, and sensing rates are all control algorithm
varisbles. Several points about these variables with respect to impact
on system performance have already became evident and have provided

guidance for future work. Of these, the impact of the variable flow

rate has been most noticesble.

A variable flow rate definitely allows for extended periods of
operation, The data shows many periods of operavion when the flow
rate had to be reduced to be atle to gain energy. The system may not
operate at maximm efficiency during these periods «f reducei flow
conditions, but it will still gain useful energy. Starting the pumping
operation at a reduced flow rate has also helped to prevent system
cycling, It is possible to wait until the AT between the collector
surface and the storage tank is larger and then pump at full capacity,
but the object has been to maximize energy gain. Regardless of how it

is accomplished, operation should always begin as soon as the collector
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surfaces are sufficiently warmer than the storage medium to gain more
energy than is being expended to operate the system.

The relationship between the stcrage volume and the remainder
of the system is extremely important. If the storage volume to collector
area ratio is large (say, greater than 2 gal/SF), the storage mechanism
will react very slowly. This can improve collector performance as the
collector fluid inlet temperature will remain lower, However, the risk
in doing this is that the temperature of the water in the storage tank
may not be high enough to be used for its intended purpose.

The storage system presently consists of approximately 2000
gallons of water and 14,000 pounds of concrete, This is equivalent to
a storage mass of 2336 gallons of water. The gross solar ccllector area
is 546 square feet, for a ratio ([ 4.3 gallons per square foot of solar
collector (or 36 1bs/SF). The data to date has demonstrated that this

ratio of storage mass/collector area is much too large for this particular

application. Although the collection efficiencies are very high, overall
system performance is not appropriately high.

In reviewing the performance data presented in Appendices F
and G, the collection and storage phase of the solar energy system
has averaged a Ui percent efficiency for the period December 1975 through
April 1976. However, for this same time period, the heating cycle phase
was only able to utilize 28 percent of this for space heating and thus
satisfy only 21 percent of the house heating demand. These figures
are perhaps conservative because of the start-up problems encountered
in December and January. Nevertheless, it does point out a prohlem

between two system components.
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It is not unusual for the collection and storage phase to,
on a daily basis, collect between 300,000 tc LOC,000 Btu's oi' energy,
raising the temperature of the water in the storage tank from 900F te
thOF. However, none of this energy is usable as 1O5OF is presently
the lowest temperature acceptable in the storage tank tc be used for
house heating. With lO5OF water in the storage tank, air for heating
the house will be provided at & temperature of approximately 98°F at
the heat coil and approximately 850 to 9OOF at the registers at tie end
of the distribution system into the house. At the present air circula-
tion rates, it was decided that amy cooler air would not be acceptable
as air less than body temperature blowing on the body would have the
effect of cooling the body while, in fact, warming its enviromment. By
replacing the registers in the duct work with diffusers, this activation
temperature can be lowered significantly. However, more study is reguirec
before this lower limit is defined.

Conversely, if the storage volume is smaller, *the stornge will
react more rapidly with a corresponding decrease in collection ef{i-
ciency as the storage heats up. What hﬁs to be determined i: what
temperatures are required in the storage tank and then si-e il =zvoro-
priately to obtain these temperatures during normal cperaiicn. ZFy
decreasing the size of the present storage tank by approximately one-
third, the collection efficiency may decrease slightly rut the verall
system performance will improve or the storage will be ugable m o2
of tl.e time. The modifications planned for this :tori.c volume 1o

improve overall system performence will be discussed in wore etail

in Thapter 3.
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Appropriate storage insulation cen be determined based on the
expected operating temperature of the storage tank and the temperature
surrounding the storage tank. The placement of the storage tank will
also affect the amount of insulation required to prevent excessive
energy losses. Energy losses from the storage tank should be examined
extremely closely as they can significantly affect overall system
performance. These losses should be kept to the most economical

minimunm.

T.b House Heating Demand

As stated in Chapter 6, the furnace gas consumption is metered
and periodically manually read and recorded. The gas flow rate intc
the furnace is a constant and has been determined to be 2.069 cubic
feet per minute (cfm). This flow rate is used by the subroutine gas
portion of the analysis program to determine the total gas used and
Btu's provided.

The solar Btu's delivered to the house are calculated by the
subroutine heet coil portion of the analysis program. The heat coil
loop has a constant flow rate and the water temperature intoc and out
of the heat exchanger (coil) installed in the supply air side of the
furnace plenum is constantly measured.

No effort has been made to determine the efficiency of the
gas furnace. For this report, efficiencies of 100 percent and 70
percent are used. The percent of solar heating is based on the sclar

Btu's supplied divided by the total (solar :nd gas) Btu's consumed by
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the furnace. It is entirely possible that the furnace is much less
efficient in a gas heating mode than in a solar heating mode, This
would be due primarily tc the flue losses in the gacz Leating mode.
A determination of furnace efficiency will be made befcre the next
heating season.
The most significant variables in house heating demand, other

than weather, are:

a. general house construction;

b. placement and sensitivity of the house thermostat;

c. the desires and conduct of the residents.
Significant information on measures to reduce house heating demand by
providing more insulation, weather stripping, storm windows, etec., is
readily available. Accurate analysis of Jjust how cost effective these
measures are for existing construction is somewhat less available.
During the next heating season, an extensive study will be performed

on the Solar Test House to evaluate various energy conservation measures.

With the instrumentation already available in the housz to cvaluate the

effects of any meodifications, it should be pcssible ic accurately report

the results. There is no doubt that in many Air Force facilities, cost

[N

effective energy conservation measures are possible and shonld ve
investigated.

The upstairs living area in both the Test and Control houze is
instrumented with temperature sensors as shown in the as-built drawings

in Appendix G. These sensors are arranged in a dlagonal pettern &cross

the house from the southwest to the northeast corner. Data Irom these
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sensors indicate as much as 15 F difference between corners of the

house during the daytime with this difference decreasing toward the

evenings. In the evenings, the northeast corner of the house was
generally 50F cooler than the rest of the house. The gas range in
the kitchen raised the temperature of this area during operation
by 5 to 10°F.

Solar gain and internal generation must be considered when
placing the thermostats used to control the house heating systerm, ;
Excessive influence by either external or internal effect:s must lLe
limited as much as possible. Careful consideration should be given to

what portion of the house must be at what temperature during a certain

time period. It should be determined if these are portions of the
house where temperature fluctuations can exist without detracting from i
house comfort. A thermostat carefully placed to react to only the ;
necessary requircments can both increase living comfort and save energy. ’

The sensitivity of the thermostat is also important. The
operating limits for the thermostat should not allow noticeable cocling
or overheating of the facility. The Solar Test House is presently

being controlled with a 2°F dead band, If the temperature is more

than 1°F velow or above the desired temperature setting, the system !

will start up or shut off.

oo

As car. be seen from the camputer plots in Appendix G, the gas
furnace provides energy to the housc at a much faster rate than the
solar heating system. A sensitive thermostat is definitely required

to prevent the furnace from overshooting the actual heating requirement.
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v Thermostat placement and sensitivity are minimal cost considerations
? but can definitely provide beneficial energy conservation results
when given proper attention.
Significant information on the impact of various measures
taken by the resident also exists. It appears that the best possible
' course of action in this regard is to insure that all militery housing
occupants are aware of the magnitude of the savings possible by ac- ;
tively employing energy conservation means. High thermostat
settings, leaving doors and windows open and leaving unnecessary a
lights on are examples of energy consumption thet can be reduced by .j
awareness. j
For the period of time observed, the Contrcl House

consumed approximately L4000 cubic feet of natural gas per month

for domestic hot water heating, while the Solar Test House ccrsumed 1

approximately 2500 cubic feet. Accordingly, it would appear that

the pre-heat system provided 38 percent of the domestic hot vater

demand at a savings of 1500 cubic feet of natural gas.
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Te5 Domestic Hot Water Heating Demand

™

The gas consumed by the hot water heaters in both the Test
and Control Houses is metered. The temperatures of the water lnto
and out of the hot water pre-heat coil are continuously recorded by

the ICS. However, the operation of the hot water pre-heat system is

not controlled by the ICS. This system is an add-on portion of the

project and its operation is controlled by a thermostat, a timer

and flow switch as described in Chapter 6. It is anticipated that

this system will be interfaced with the ICS at a later date for detailed

study. The energy supplied by the solar system for water heating is

determined by comparing the water heater gas consumption of the Test

and Control Houses.

The only significart variable in hot water demand appears to

be the family size and habits of the house residents. The demand

appears to be fairly steady during the year.

One design variable that can impact pre-heat cost and operation

is the placement of the pre-heat coil., As can be seen from the as-built

drawings in Appendix C, the pre-heat coil is located external to the

storage tank. This necessitates control, piping and a pump to move

the water from the storage tank to the coil, Depending on the magnitude

of the demand and its impact on the performance of the storage tank, it

may be less expensive to simply route the domestic supply to the water

heater through a heat exchanger immersed in the storage tank. This

would eliminate the need for control and a pump for this loop and also

possibly reduce the plumbing expense depending on the position of the

storage and water heaters.
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7.6 Systcm Modeling Techniques and Results

There are few simulation programs available today.

TRNSYS, a transient simulation program, prepared by the 3Sclar Energy
Laboratory at the University of Wisconsin-Madison, is one operational
solar system simulation/enalysis program. The Civil Engineering
Research Laboratory (CERL) is presently developing ancther solar system
simulation program for the Air Force Civil Engineering Center (AFCEC).
However, no results of this effort have been available to date,

A study of TRNSYS was begun this spring to determine its
applicability to the Solar Test House. It does not appear toc be readily
possible to simulate a veriable flow rate through the collectors wilh
this program. From analysis of system performance to date, it appears
necessary to have this capability. The evaluation of TRNIYS will te
continued this summer and next fall to allow detailed analysis of its
full capabilities, The CERL program will be examined as soon as it is
available,

The computer program to calculate solar radiation availabiliity
discussed earlier and the analysis progrem should provide a basis for
further development of existing simulation programs or pozsivly new
simulation programs as required. Heating and cocling lhad progranc are
readily available from various commercial sources and can be used in
gimulation efforts.

One of the major problems with all these programs is how they
canpare with observed date. In addition, most of these programs are
very long and complex and require experienced people ani & great leal

of computer time to produce a product. The data base that exists as a
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result of this project is an excellent place to start answering these

questions and determining the usefulness of many of these computer
tools. This data base has sufficient detail and campleteness to
evaluate both component simulation programs and system simulation
programs.

It should be possible with the results of this project to
develop a design tool capable of accurate system simulation and alsc
capable of the flexibility required to be applicable to ocher systems.
This design tool would probably also be lengthy and require exiensive
computer time and facilities., However, it could be employed at a
central point to evaluate various proposed systems, The main cbjec-
tive should be to develop an accurete system simulation progrem and
& central point for its application. This will allow the analysis
of both in-house Air Force efforts or any contracted services the

Air Force may require,
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CHAPTER 8

CONCLUSIONS AND RECOMMENDATTIONS

3.1 General

On the basis of the experience gained with this project to
date, a number of general conclusions may be drawn, as follows. 1
a. It appears that all necessary solar energy system hardware
components are commercially available today. The industry is new and E
growing and is presently without agreed upcn standards. Accordingly, i
some care must be used in selecting the proper components for the f
application being considered. Nevertheless, the components are i

commercially available and significant work is being done to improve

them. Probably the only exception to this is the necessary contrcl
systems. Although control system components are available, there is
some question as to whether or not they are truly cost effective and
provide for the full thermodynamic use of solar energy. Because of
the large capital cost associated with solar erergy systems, additicnal
work in control systems would be very beneficial.

b. In a competitive economic enviromment with conventional
fossil fuels, solar energy presently falls somewhat short, especially
in the case of single applications to single family residential dwelliny s,
The combination of high capital costs and low conventional fossil fuel
corts accounts for this observation. Recognizing the future of the
availability of energy in the United States, however, the relationship .

between . lar energy and conventional fossil fuelc could suddenly
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change, As a national energy policy comes closer to being developed,
this relationship will become clearer, In the meantime, any efforts

at reducing the solar energy system capital costs would ve very pro-
ductive, either by reducing the cost of the solar collectcrs or by
adopting sound facilities energy conservation measures. At this time,
malti-unit, large-scale applications in some parts of the United States,
especially of the new construction category, can probably be shown to
be cost effective. Perhaps a cluster concept with one solar collector
bank serving a number of single family dwellings would also have merit
at this time.

c. Although solar energy systems are not completely cost
effective in the private sector at this time, it may be that they offer
distinct and immediate military applications. As an example, the ground
array used in this project could easily be used at remote sites for
space heating and in contingency theater areas as a part of the United
States Air Force's "Bare Base" Program. This ground array is capable
of being modularly prefabricated, can be relocated and can be made air
transportable, 1In addition, with its adjustable slope feature, it can
be configured for any solar energy application invclving heating and/or
cooling at any latitude for any time period.

d. General contractors will not be intimidated by constructing
solar energy systems in the future. Today, the more than 600 solar
homes in the United States are receiving favorable media exposure. In

additicon,

many educstinonal institutions are offering short courses at

the layman's level in solar energy technology. Thus, it can be expected

that accertable construction contracts can be obtained with competitive
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Y bidding through an Invitation for Bids rather than thrcough the more

i expensive Request for Proposal procurement mechanism.

8.2 Specific Project Conclusions

The following specific conclusions may also be drawn on the
basis of the experience gained with this project to date.

' a, Orientation of the solar arrays to include both slope

and azimuth must reflect the period of time over which the energy
i gain required is to be optimized,
f b. Solar array plumbing providing for the flow of the heat
transfer working fluid must be such that the entire solar collector

surface can be used continually,

! 2 c. Variable flow rate schemes, as opposed to fixed, provide

N \ for extended solar energy system operation and thus contribute to
maximum thermal gain.,

. d. Roof arrays should be constructed on the leading edge

; of the roof to allow the snow to fall clear of the roof rather than

G F' accumulating. This subsequent accumulation could ceause serious struc-

E. ? tural loadings on the roof and could prevent the solar collectors

::5; from working properly.

f‘jg e. Ground and roof arrays, other than for different slopes,

%:;i were essentially identical in performance.

L ‘% ‘ f. Maintenance on the ground arrsy was easier to perform than

iL‘J on the roof array.

g. No solar collector damege attributable to either adverse
weather or vandalism was oboerved on either the ground or roof arrays.

h. Working filuid of a mixture of water and ethylene-glycol
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should continue to be pursued for heating applications in any climate

where freezing is a problem,

i. Solar collectors must be covered during installation and
non-operational daylight periods to protect them from thermal damage.

je« Solar collectors used have shown no serious deterioration
to date. A small amcount of outgassing and some very negligible surface
coating bubbling has been cbserved.

k. Concrete tanks are viable thermal storage tanks. They should
be coated with a waterproofing agent, insulated and amply reinforced
throughout especially at the corners and other discontinuities,

1. Storage tank size, with respect to the rest of the solar energy

system, has the most significant impact on both the system heating effi-

ciency as well as on the system collection efficiency. The storage volume
must provide compatibility between both system components. If not,
seriously imbalanced component operating effiriencies will result.

m. Control systems should be based on temperature differentials
rather than a particular preset temperature for the collection cycle. The
preset temperature for the heating cycle should be as low as practicable tc
produce a comfortable living environment.

n. Control systems must be capable of a. justing themselves auto-
matically to any envirommental condition in real time. Activity related to
this project indicates that a control system similar to that used in this
project, capable o this requirement and others, can be cost-effectively
produced with existing solid state electronic technology.

0. Based on the promising results of this project to date, the

Air Force should continue to pursue field scale, real property oriented

solar energy applications.
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9.3 Specific Recommendations for Continuing Project Work

The Solar Test House has performed well to date and has

provided a significant amount of valuable information and operational

experience. The instrumentation installed has provided & detailed

view of the overall system performance and has allowed the various

system components to be closely scrutinized. However, atthough the

solar energy system has performed well to date, it can be expecte? to

do even better. Specifically, based on observations and cstudy of

the data gathered to date, the following areas are believed to necd

additional work and investigation.

a. Some system mcdifications are required to further improve

its overall performance.

b. Some operational variations of system components are

required to further evaluate their impact on overall system performance.

¢, Some additional instrumentation is required in order to

support an even more detailed evaluation of component performance,

In response to the above three general areas of additiconal

work and investigation so recommended, the following; specific work

items are recommended for accomplishment.

a. Install an additional heat exchanger in t!e thermal

storage tank on the ground array loop only. This work is necspoar:

to determine if a greater temperature differential can tre extracted

from the working fluid and thus improve heat transfer. The roof

arr~y loon should remain unchanged in order that it may serve as a

nerfcrmance reference. The existing parallel plumbing confijuration

should bte retained.




b, Lower all heat exchangers in the thermal storage tank

to within one inch of the bottom. This work is necessary tc both
provide for better heat transfer and to allow for the tank volume
to be varied during the year; i.e,, lower volume in the winter and
a greater volume in the summer., In this regard, a storage tank
volume of 1500 gallons is recommended for the criticel months cf
December and January.

¢, Install an air bleed line along the top of the solar
collectors on the ground array terminating in an expansion tank
mounted on the back'of the array. This work is necessary to deter-
mine if the random problem of vapor locking can be mcre positively
dealt with.

d. Install pressure gauges on the supply a~d return liines
from each solar collector‘series on the ground array. Thic work is
necessary to further evaluate flow patterns.

e, Install temperature sensnrs in the six remaining solar
collector panels on the ground array presently without sensors. This
work is necessary to also further evaluate flow patterns.

f. Install a multiplexer and other necessary electroni:
components to include a-c electric power to the ground array. This
work is nece;sary to interface the additional temperature sensors
on the ground array to the microcomputer.

g. Vary the slope of the ground array during the next heating
season, especially Anring the months of December and January. This
work is necessary to further evaluaste the effects of solar collector

orientation on system performance.

8-6
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i, Vary the activation temperature of the solar energy

heating cycle of the system contrcl algorithm downward. This work

is necessary in order to identify the lowest temperature at which

the solar energy system can heat the house without discomforting

the occupants and thus extract maximum useful thermal energy from

the system., In this regard, it is recommended that s 950F activation

tenperature be used rather than the present lOSOF activation temperature. :
i. 1In support of the preceeding, investigate the use of

diffusers as replacements for the existing registers in the present

heating ducts. This work is necessary to minimize the effecets of

oo B

delivering lower quality heat to the house by preventing it from beirg

directly blown onto the occupants. j

j. Recalibrate all the system sensors, gauges and flow
meters prior to the next heating season to insure data accuracy.
k. Make the Solar Test House {and i“s referenced Con*rol

House) more energy conservative. As has been pointed out in this re- i

port, the cost effectiveness of solar energy systems can be enhanced 1
if such systems are done in concert with energy conservation activities,
particularly in the case of retrofit schemes. By initiatins energy

conservation steps, the total energy demand of the house can be sub- §
stantially reduced. This action will have the corollary effect of

reducing the amount of solar collectors required. E=cause the sclar i

collectors represent approximately half the capital cost of a solar
er=17y system, energy conservation steps can have a significant effect

on the cost effectiveness of a solar eneryy csystem. Reccgniziig this

to be the case at the Soiar Test ilouge., work hins veen accomplished to

-7




identify areas cf high energy loss. Working with an AGA inrrarei T
camera with a CRT display (cathode ray tube) with both a photograp.ic
and video tape record at the Solar Test House, & number of arezs f
high energy loss were identified. This thermograph analysis showed
the following:

(1) extensive air infiltration at the interface of
exterior walls and cellings;

(2) extensive air infiltration around exterior entrance

AP - VAT NI

doors;
(3) marginal insulation in the exterior walls; accordingly,

reinsulating the exterior walls and the outer perimeters of the ceilingz

L it o A i m — ANBR o

with foam insulation and vestibuling the exterior doors shculd be in-

vestigated.

1. Develop and/or modify the existing computer vprograms to aid

in the design and analysis of future Air Force solar energy projects,

N The effects and results of specific work items recommended for

accomplishment here should be reported in the next annual projec’

7e t
g technical report in June 1977. a
i
?i (NOTE: The thermography study referenced in this section is a part i
N
I of the Air Force Academy's Energy Conservation Prorram., This program 1
a ¥
i, includes a number of measures to conserve energy consumrtion in reamily
¥y =
i# housing which include insulating tle crawl spaces, insulatins the winicow
gt
- dj highlight panels, installing restricted flow showerheads, ani installine
K
WS 2 omatie setback thermostats. The thermegraphy ctudy will he dealt

aith in detsil in a later report.)
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5.k Project Related Cadet Education Program

This project is the major part of the Air Force Acadeny
Solar Energy Program. Associated with this program is the education
of cadets, the interaction of which, on the basis .f technology
transfer, was a part of the original justification for this project.
The project has heen extremely valuable to cadet education. For
many, it has provided the most valuable form of education available -
that of "hands on experience.” For the past year, two courses in
solar energy have veen offered. The Colar Test House and its per-
formance data are used to directly support these courses.

The first course, entitled Solar Energy Applications, is the .
basic course. It deals with the following four topics:

a, what is solar energy, what is available and how much
can be used;

b. what are the heating and cooling enerry demande for
conventional real property facilities;

o, what systems are required to interface the preceedings
two topiec with each other;

1, what refinements can be made to mave the interface more
efficient in a technical cense and more cost effective?

The caidets that successfully complete this course may go on
to the seconl! crurce which is an indepeunldent study course, Solar
Energy Oycotem Test arnd Bvaluation. Some of the topiecs pursued this
veoer oanelie s Tt ereal «fects on concrete storagse tanksz; (2) Solar

Mert House Inta rednet ion and evaliuation; (3) infrarei heat lcoss enalysis;

ant (b aluati-n ¢ the S lar Test Yonse arrave plumbing eonfifuration,



Fifty cadetc completed the former course and eleven
completed both courses this past year. These latter =leven cadets
pluc an additional 29 who completed only the first course, recently
graduated and are now active duty Alr Force officers, Eecause of
the success of these courses, they will be offered on a continuing

basis for the foreseeable future,

-
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APPENDIX A

DEGREE DAYS AT THE UNITED STATES

AIR FORCE ACADEMY

f

»

T Hﬁﬁmﬂﬂ“dtlﬁ
: " . w

X ~wh

=y
v

' o

A-1

4

»
- 2.4 T Sy S S

J



(dVHSY )

$99a33¢ 3ToYUILIUB] °J8B

sUu3 usym ‘Lwp
Tord SuUT1BWIZSS UT pasn

suo Auw

*doGy PUB ABY UG 0] dNFRAWE G Wusll GL4G UREN3AU SIN RIS ) UT elNaIn
X34y sv sfep ssa .t Uuil §B £48I¥e 2aayi ‘{559 Uwl{y AT $T oaMmiBJIsdus; UmaL
I04 °J99UTM UT SUTPTTL] © 32 BOT BUTY8IY TCUTWCU UTAITosds pue uotjdumsui:

T3TUT

€OWI PUBR ROUBABJJTIL oll.jwdadis; uodn pessy ‘qTum vy - (UCTRTUTIaC) X¥Q FAd07

[

G2nl ioUedany Tenuuy TBIOL

20T 2l8 0L9 gog 96 8¢ neT 9L 9 LSE L70T G601 1eTReIanY
g ent azg 982 0¢ e €4 197 00L Ll 6201 OTIT | GLCT
G9TT 098 861 £9¢ GOt 9T el €l 199 L 0t nTTT WLET
GOTT 108 0% ges 6¢ GUT 90 961 0L oS 266 9221 el6T
212t | 90Tt | 819 962 wet ot | L9 2sn 829 €9, AL 2g0T 2LET
L80T 1.8 7€9 06€ 88 901 0 614 el GLL 290T L6L LT
2q0T £68 12l 6e Y 9¢T £eT 06€ 63/ 2ETT e 22Tt Ol

9.L0T 2¢6 116 ote a4 92 e 8e 0t VAN OHf §ToT COET]
LETT 9.6 665 60¢€ AN <9 A AN 6, ehb 96 (TAR Q9T
H82T 818 HoST LEE ELT zQ L £eg 869 €gl GOLT ST LK T
g9TT 118 899 gle 191 12 26T Tof 49) 948 70TT S 99T
286 8L 996 onY ant 49 €LT 66e 29 GOET 00T 9901 GO T]
6901 ne| 619 HO2 AN T THT 092 919 L30T 6lTT LLoT ﬁwmm
0501 L69 g0t €R 17 0 S <12 Loy €28 65l 9¢eT ET
cag AON 190 dag Sny ATnp sunp eyl Jdy TBJ as4 uBp FETYN

AETYOY J0¥04 ¥4IV SHIVIS TdILN IHD IV SAVA JIYOIJ vV XTpusddy




APPENDIX B

e

CAICULATED HEAT LOSS FOR TYPE 12 QUARTERS,
UNITED STATES AIR FORCE ACADEMY
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. APPENDIX E
CALCULATED HEAT 10SS FOR TYPE 12 QUARTERC
UNITED STATES AIR FORCE ACADEMY 4
BASIC DATA
Inside Design Temperature = Ti = rZOOF
Outside Design Temperature = TO = -2°F
} Depree Dayc = Thos
b
4 o)
© Coefficients of Thermal Transmission (BTU's/Hr-Ft° - °F)
’ Wood Floors o U = 0.31
1{ (Crawlspace T_ = CO°F)
It o}
Window Insert:s U = 0,86
Peaked Roofs U = 0,06k
Flat Roofs U = 0.069
} Glazing (+ Storm) U = 0.56
! Brick Walls U = 0.10
' B&B Walls U = 0.11
,‘ Basement Walls U = 0,10
¢ (Assume T = 32°F)
*& (o]
- "’ Racement Floor o U = 0,10
) '-i (Assume Ty = 50°F)
fﬁ‘i{
d Docrs (+ Storm) U = 0.33

I £

DY

-

B-2




Room,/ Structural Area/ Heat Load Totals |
Space Component Crack L U AT {BTUG/1R) (BTU/1T:
Entry Floor L 0.31 50 682
Ceiling LL 0.069 7o 219
B&B Wall 6 0.11 T2 L7
Glazing 56 0.56 2 2058
Panels 0 0.86 72 @
Door 21 0.33 72 Log
Infiltp 20 1.00 72 1L4ko
Infilty L2 0.50 72 1512 6657
Living Floor 270 0.31 50 k185
Room Ceiling 270 0.069 72 1341
Brick Wall 132 0.10 72 950
B&B Wall 128 0.11 72 101k i
Glazing 84 0.56 72 3387
Panels 0 0,86 72 o)
Infilt 63 0.50 72 2268 13,145
Kitchen Floor 10k 0.31 50 1612
Ceiling 10k 0.069 72 517 214
Dining Floor 1ok 0.3 50 1612
IRoom Ceiling 104 0.069 70 517
B&B Wall 16 0.11 7z 127
Glazing 56 0.56 e 2058
Panels 0 .86 70 ,
Door 17 0.33 7 Ly
Infiltp 17 1.00 7. 122l
Infilty Lo 0.50 7. 517 TESG
Bath #L Floor 40 0.31 * ¢
Ceiling Lo 0.069 7. 10
B&B Wall Lo 0.11 7 A7 516
T
Bath #2 | Floor Lo 0.31 ¢ f ,
Ceiling Lo 0,069 70 1 103
Master Ceiling 1952 0,069 72 ash
Badroom Floor 102 0.31 0 ¢
Brick Wall 10 0,10 7 922
&R Wall 27 (11 72 252
Glazing Lo .56 e 1613
raels 10 0.586 2 aal
infilt Lr 050 70 510 (ks
B-3




\ oom/ Structural Area/ Heat Load | Total |
Space Component Crack L U AT (ru/izy) G eTufin)
Hall/ Floor 120 0.31 0 ¢
Stairs Ceiling 120 0,069 72 5546
Brick Wall L8 0.10 72 3L e
Bedroom | Floor 130 0.31 o ¢ ]
ﬁe Ceiling 130 0.069 72 HLE
Brick Wall 180 0.10 72 720
B&B Wall 16 0.11 72 127
Glazing Lo 0.56 2 1623 J
Panels 16 0.86 72 91 :
Infilt 4o 0.50 ée 1510 5617
,!
tBedroom
) s B n #2
! 2 4 ame a3 edroom # 5614
.
J
Pasement { Floor 720 0.10 0 1hko |
L Walls 112 2,10 EA R LG 17 {
{ ! | !

GRANL TOTAL: 50,541 T4niir
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APPENDIX C

USAFA SOLAR TEST HOUSL AS-BUTLT
CONSTRUCTION DRAWINGS

SHEET NO. TITLE
1of 6 Site Plan, Plot Plans, Details
2 of 6 Storage Tank, Roof Array, Plans, Details
and Elevations
of 6 Ground Array, Plans, Details and Elevations
of 6 Mechanical Plans and Details
of 6 Instrumentation and Controls
of 6 Electrical Details and Elevations
-1

PAGE NOC.
C-2

c-3

c-k
C-5

Cc-6

C-7
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APPENDIX D

INSTRUMENTATION AND CONTROL SYSTEM I'LOW CHARTS,
BLOCK DIAGRAMS AND CIRCUIT SCHEMATIC DIAGRAMS

TITLE PACE 10,
ICS Hardware Overview D-3 f
Microcomputer I/0 Channelization D-k ]
Sensor Cross Reference -5
Sensor Multiplexing Scheme D-=
sensor Terminating Strip Connections D-9

]
Digitizer Board Wiring Overview D-10 1
Contrcl House Remote Controller Circuit Diagram p-11
Control House Tigitizer n-1-
Interface of Analog Multiplexer D-13
Analog Multiplexer Connectors D-1"
Analog Multiplexer Circuit Diagram Dh-15
Status Display Interface D=1
Status Display Conscle Encoder Circuit Diagram o-17
Interface to Clock n-18
Solar Test House Clock Block Diagram =10

Interface to Pumps and Motor Control Switches Tim
Pump and Valve Barrier Strip b1
Interface to Valve Modulators LeDE

Dew Point 3ensor Interface Adaptor Pz

D-1




TITLE

Wind Speed/Direction Interface Adaptor
Pyranometer Interface Adaptor

Valve Control Interface Adaptor

Flow Sensor Interface Adaptor

Furnace Gas and as Control Scheme

Computer Control Program Flow Charts:

OUTHUT D-29 RTMSG
ThES [-30 TTYOUT
Ly 1-31 MOVED
RUFFIT, D-32 INSH
PRINT D-33 INSHL
DLY1S
DLYIMS

D-
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' Auto

Re-Start |

ICS Hardware Qverview

Time-of-Day 8 w1 110 ‘,
Clock Roof Array Pump i

M +, SW| VAC 1

- 8 ]

1

1, AC 110 :

oW | Vae Ground Array Pump

CAL AMP #

Temp Sensors
teleco 17 10

—7

Analog A s 6
Multiplex D| 7
R 6
A Ve
BCU l
S0 S \
CAL AMP 7 PO
i

TTTTTT]

A8

lDig'itizer

b.na.l of -Mult iple xoj
(T

Status Display | 16 4 1
an 7
Conscle — — éc, | 110 rurnace Fan
8 SW VAC
l// AC | 110 . Furnace Gas
S VAC
INTELIEC 8/MOD 80
COMPUTER 8/ K| SERVO }——-. Roof Array Valve
cl| AMP
MM 8-81 1/0 1/0 = :
I1/0 Card| Card Card
D
. 8/, A S}EWR;O = Ground Array
T [ C Valve
4 D Q
d 8/ A | SERVO L Heat Exchangor
¢l AMP Valve
' Digitizer )
{
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Microcomputer I/0 Channelizaticn

Jh G— l
MM 8-61 :
“——44i |_ourg: TTY \
SLOT I0-¢ | OUT1; TTY % ADC JTROBE = 157
_ouro: |
g5 ——  ——{ 0UT3: AMUX ADDRESE j
{Ink: CH BCU | :
| 1ws: | -
[IN6: FF CLOCK, HRS | 1
3 | { InN7: FP CIOCK, HRS |
MM 8-61 —— ourh: )
] fouTs: CH BCU ]
SLOT KLLJBG}——"”—I_iE::JmEG: BWES ;
I—{oUT7: DISPLAY [EMP i ]
[ In8: DIgPLAY REQ |
- ——_ng: :
————————{ IN10: ]
Jh(}‘—_" N____.___~_4 IN11: J
MM 8-61

———| oUT8: VALV RA

_____Ji——~{OUT9: VALV GA |
SLOT I0-1 ‘ | |

1 QUTI0: VALV EX i

qua————— ~——{_OUT11:

3 i

) e
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CONTROL HOUSE REMOTE CONTROLLER CIRCUIT CIAGRAM
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COMPUTER FAN
CONTROL
(TTL LOGIC LEVEL)

CRYDOM

SWITCH
- | (FAN)

FURNACE BLOWER [
LIMIT SWITCH —
FURNACE
SWITCH IN FURNACE ons
—0
110 VAC ; SOLENOID
BREAKER
1 CRYDOM
- 4 H SWITCH
COMPUTER 2 (GAS)
GAS CONTROL
(TTL LOGIC LEVEL) _

\vv
HOUSE THERMOSTAT

FURNACE GAS AND FAN CONTROL SCHEME

D-28







C TASK 88 )

CALL INSH
l CALL GND ARRAY
CALL ROOF ARRAY
) CALL HEAT COIL
b ) CALL OUTSH

C RETURN j
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B,C,H,L]

I

e

= 40

COUNT = 8
= CHDATA

. A TR g "

INCH L

INCH 1

STORE ERROR STATUS
PRINT CR, LF
PRINT "CH, E"
RESTORE: B, C, HL

STORE IN MEMBUF
NEXT MEMBUF
NEXT (CHAN

[ COUNT = COUNT - 1

COUNT =
?
Yes
RESTORE: B, C, H, L

C RETURN )

C RETURN ‘)

JE TGP VARV

b mire i

it s, AR




==

READ PROM (TEXL)

OLON?
‘\\\\v//,/’

s 2

PR T o

b

37

13

oy s

NOTES:

TARLE ST

D

-

STORE "FF" IN DIGL

G

PROM holds headers beginning at TEXL (3680H)
RAM holds binary data beginning at BINL (190H)
They are put into a character buffer, DIGL (302H)

RPOM (TEXL) ~ RAM (DIGL) <—FND OF OUTPUT? (FF YES
ADVANCE DIGL
PART TIME OF DAY
9
TEXL - DIGI] FETCH DATA
(BINL)
y j
INCREMENT l
TEXL, DIGL '
CONVERT BINARY]
DATA TO ASCII
END OF
DATA
—




n .
» i
|
{
|
3 1
-
| e )
y
f SAVE: A, H, L
POINT = HL = DIGL
Y
RESTORE: A, H, L
(  RETURN )
( RTMSG )
GET NEXT CHAR
PRINT IT
INCREMENT BUF LOC
DECREMENT COUNT
< No COUNT =
?
“
, Yes
; ( RETURN _:)
H
§
[}

D-33
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Digl = 302H .
Point = 300H

HL = BUFLOC
C = Count
A destroyed

i
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SAVE: A, H, L

Yes

TTY BUSY
?

Jﬁo

A = MEMORY (HL=POINTER)

PR Ty W

Yes

PRINT A
POINTER = POINTER + 1

TTYPOP

RESTORE: A, H, L

Va
C RETURN )

Notes: Pointer = 3@@H
Prints to TTY, it
possible




( MOVED >

T

SAVE: B, C, D, E, H, L

{

TO = BINL = HL |

FROM = T¢ = DE
COUNT = 6
CALT, MOVE1

FROM = T20; COUNT = 6
CALL MOVE1

B!

FROM = T6; COUNT = 4
CALL MOVEl

FROM = T10; COUNT = 6
CALL MOVEL

i
FROM = T30; COUNT = 7
CALL _MOVEL

&
FROM = ThO; COUNT = 7
CALL MOVEL

FROM = P@; COUNT = 8
CALL MOVEL

FROM = VALUE; COUNT = L
CALL MOVE1

!

RESTORE: B, C, D, E, H, L

()
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| h
-
o ' B = #BYTES
g SAVE: B, C, H, L I (" = 1st channel on Amux
g HI. = MEMBUF

| MEMBUF + T
CNT = 10

MUXCHAN = @
CALL INSHL

}

f MEMBUF = T2
MUXCHAN = 2

COUNT = 6
CALL INSHL

MEMBUF = T30
MUXCHAN = 30
COUNT = 7
CALL INSHL

T 2
g MEMBUF = T40
E MUXCHAN = 40
COUNT = 7
CALL INSHL

2

. MEMBUT = D@ ]
; MUXCHAN = 40
3 COUNT = 6 ‘
: CALL INSHL
3 CAUL, INCH

CALL CALIB
CALL MOVED

B
|

i
e

e : |
| _RESTORE: B, C, H, L |

e

(REI‘URN

; - »
IRUNUPOSIPPY SRR S e



A
| a1
CALL INSHN(C = CHAN)
STORE A TO MEMBUF (HL)
“EXT MEMBUF (HL)
NEXT CHAN (C)
COUNT = COUNT - 1
) No
»
/ Yes
‘ /
2 (: RETURN Aj>
°1
( INSHN ::)
DUTPUT CHANNELNUM TO MUY
i
T
.. RESET ADC
y START ADC
i‘
)
, W
N .
g ‘ A = INPUT DATA
“".::&; \L
KW (: RETURN4i>
.
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D1S

CALL DLY1MS
CALL DLY1MS
CALL DLYIMS
CALL DLY1MS

No

Yes

RESTORE: A

(jﬁ RETURN )
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( bLvims )

SAVE: A
CALL TTY OUT

No

Yes

l RESTORE: A

( RETURN )

D-39
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Notes:

Delays 1 millisecond
if

Does TTY output,
needed
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APPENDIX E

TEST AND EVALUATION COMPUTER PROGRAMS

TITLE PAGE NO.
Solar Test House Data Converter (paper tape to E-2

magnetic tape)

Load Analysis Program E-6

Predict Solar Radiation E-19
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1J08 SOLAR,ANALYSIS sees MAKE TAPE

1PAU SYC

JRADEDIT

SOELETE (FILE,FP,SOLARTAP)

sSQUEEZ E FP

SALLOT (FILE,FP,SOLARTAP), (RSIZE,30), (FORE,B), (FSIZE,200)
1J08

LFORTRAN NS,S1,G8,S

LB & 8 % 80 60 8 8060688008088 68 00880gsa008ssetaeas
Lt e SOLAR HOUSE DATA CONVERTER (PAPER T0O MAG TAPE) ® & = @
CP ® % 86 8 5 5 0 0 8 2088880686888 8680808860 bssseeass
(e * e #RITTEN IN XDS EXTENDED FORTRAN |V FOR THE DFEE S|GMA-5 *
L* ® ® > BY CAPT ROY SCHMIESING, USAFA/DFEE, PH: (303) 472-2023 * * ¢
(e e JAN, 1976, PROPERTY OF THE UsS. GOV'T, ®= ¢ o e o ¢ o0
CP ® % 2 0 8 8060000608800 8 ss08seatseasessean

INTEGER 8LDSI2/293/,NENS1Z2/307/,COLON/Z3A/,BUF (1000),BUF 1(2)
LOGICAL  SSw

RENIND 7

IF(SSH(1)) OUTPUT ‘FIX SSW & HIT RETURN®3 INPUT(5) JUNK

QUTPUT * *#**® SELAR HOUSE DATA CONVERTER ®e**’
OUTPUT * LIFT SENSE SWITCH 1 T0 KILL JoB"®
OUTPUT °SET MAG TAPE T0 200 BPI *
OUTPUT °"ENTER 1234 IF YOU ARE STARTING WITH A NEW TAPE®
BUTPUT * ELSE, JUST HIT RETURN®
INPUT (5) KEY
IF(KEYLEQe=999)O0UTPUT °‘LAST K2°3 INPUTC(5 ) K3 GOTO 1313
IF(KEYL,EQ.1234) OUTPUT °"ALL OLD DATA WILL BE LOST. KILL IF NOK®
IF(KEYLEQ.1234) GOTO 1

L~=-- SCAN T0 EOF
QUTPUT °*PASSING OLD DATA, K BLOCKS®
K=0
10 READ(7,100,END=1313)
READ(7, 100,END=1314)
KK+
GOTO 10

1313 CONT I NUE
REWIND 7
READ(7,11), (REC, 121,K%2)
1" FORMAT (A1)
UTPUT K

e T T I g T v :.;-. T S0P O

* & 5 & & &9
s & 5 & & &g




1 CONT I NUE
OUTPUT * TIME TAPE#

C-===  SCAN FOR INITIAL SYNC CHARs "COLON" é
77 CALL READ1QUIN)

IFCINGNELCOLONIGOTO 99 !

C==~== READ UNTIL NEXT COLON (BUT NO MORE THAN 1000 POINIS)

98 D0 600 |2, 1000

97 CALL READ1 (IN) [
IFCINGEL128) INZIN-128 ! i

{F(SSWCL)) PRINT 133,IN ;

IFCINGEQL0)GOTD 97 $
BUF CI)=IN b4
{FCIN.EQ.COLON) GOTO 999

600 CONTINUE

C~~== |F FALLS THROUGH , MUST BE SOME PROBLRM
OUTPUT ° REC 100 LONG’

G6TE 1
Conwe- A COMPLETE DATA SET, COLON-TO-COLON, IS NOW (N, CHECK SIZE AS ERROR CK
999 CONT | NUE

IFC1eEQe309 ) =NEWSIZ
IFC1.EQa308) 1 =NEWS 12
IFCH.LTLT)GOTO 99
KX+
IFCINELOLDSIZ,AND, | JNE.NEWSIZ)
& PRINT 876, (BUF(N),N=2,5),K,13KXK=13 GOTO 98

876 FORMATC 1X,221, 1H: ,221,15,° **®DROPPED’,(4)
PRINT 123, (BUF(N),N=2,5),K
123 FURMHI( 1X,221,'8',221.l5)

IFCleEQeNEWSIZ) CALL THRITE

IFC1oEQeOLDSIZIWRITECT,TTT)
*(BUC(1),1:002,005), CBUF(1),1=016,018), (BUF (1),1=020,022),
*(BUFC1)y13024,026), (BUF(1),1=028,030), (BUF (1),1:=032,034),
*(BuUFC(i)y1:036,038), (B (1),1:052,054), (BUFC1),1=056,058),
“(BUF(1)y1:060,062 ) (BUF (L), | =064,066), (BUF(1),1=068,070),
PBU 1), 1072,074), (BUF (1), 1=086,088), (BLF (1),)=090,092),
*(B U (1)y12094,096), (BLF (1),1:098,100), (BUFC(1),1:102,104),
SBW (1) 12106,108), (BUFC(1),12110,112), (BUF (1), 1 =114,116),
*(BUF(1),132118,120), (BUF (1),1:122,124), (BUF (1),1:2136,138),
CBUWCI), | =140, 142), (BUF (1), | =144, 146), (BUF (1),1=148,150),
"B i), 12152, 154), (BUF (1), 12156,158), (BUF (1),1:160,162),
TBW), 12172,174), BUF (1), =176,178),(BUFCi),1=180,182),
*BUWCI),|=184,186), (BUF (1),1=188,190),
*BEFC), 12192,194), (BUF (1), 1:2196,198), (BUF (1),12210,212),
TBEF) 127 14,216), (BUF(1),12218,220), (BUF (1),1:2222,224), .
Y(BUY(1),1226,228), (BUF (1),12230,232),(BUF (1),1:242,244),
B UF (1), 12286,248), (BUF (1),1:250,252), (BUF C1),12254,256) 3

E-3
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. &
. § Lo
4 ; b4
| 177 FORMATC 421,310X,3212,/, 32(1%,321)) ! %
v IF (SSW(3))
3 ; X PRINT 133, (1,BUF(CI) ,BUF(1),1= 1,307) ;
‘ 133 FORMAT Cl 4y 1X, 22 ,4X,21) g
coTO 58 j
b 1314 GUTPUT °*0DD # RECORDS. POSSIBLE BAD TAPE'; STOP
100 FORMAT (2023) i
‘ %
g SUBROUTINE TWRITE :
INTEGER CHAR(200) ,MAXC/ 142/
SO {m--n KEEP ONLY LAST DIGIT OF ASCII NUMBERS AS NEW EBCDIC CHACTERS :
ENCODE (MAXC*4,666,CHAR,LAST) 3
*(8 F 1)y 12002,005), (BUF (1), 1=016,018), (BUF (1),1=020,022), i
* (B (1), 1 =024,026), (BUF (1), 1:028,030), (BUF (1),1:032,03%),
*(BUF (1), 1204%,046), (BUF (1),1:060,062), (BUF (1) ,1:=064,066),
*(B & (1)y1:068,070), (BUF (1),1=072,074), (BUF (1),1:076,078),
*(3F(1),12086,088), (BUF (1),12102, 104), (BUF (1), 1=106,108),
¥ *(BUF (1), 12110,112), (BUF (1), 1=2114,116), (BUF (1),1:2118,120),
.- *(BUF (1), 12122, 124, (BUF (1),12126,128), (BUF (1),12130,132),

T, =134,136), (BUF (1), 1=138,140), (BUF (1), 1=152,154),

*(B W (1)y1:156,158), (BUF (1),1=160,162), (BUF (1),1:2164,166),

*(B UF (1), 168,170) (BUF (1), I-172 17“) (BUF(I) |~176 178),
*BEFCI), =188, 190),(BLF(I),I =192, 19“) (BUF(I) I =196, 198),

*(BW(1),1200,202), (BUF (1), 1=204,206), (BUF (1),1=208,210),

*@8 J(I),I212,214),(8[!"(!),!=222.22‘0),(Blf(l).l2226,228),

®B W (1)y12230,232)y (BUF (1),1=242,244), (BUFC1),1:246,248),

*(8 F(1),1250,252), BUF(1),1:258 260), (BUF (1), l-262 9264),

*(B F(1),1:266,268), (BUF(1),1:=270,272)

‘ 1107117 FORMAT (4A1,31(1X,3A1),/, 32(1X 3A1))
666 FORMAT (300(Z21,3X))
C-=== SEE IF ANY NON-NUMERICS WERE READ FROM PAPER TAPE
08 100 1 =1, MAXC
100 VFONTEST(CHARC1)).LT.0) GBTO 13
C~e-- IF NCT, SAVE ON MAG TAPE
MRITECT,TTTT), CCHARCI), 1 =1,MAXC)
(eeme=- LHECK FOK TIME DISCONTINUEITIES
tNCODE (4, 102,8 UF 1), (CHARC 1), 1 21,4)
102 FORMAT (8A1)
JECODE (4, 103,8LF1) NOW
UIF =NOw-0LD
LIVA} FORMAT (1 4)
(FCOIFaGiaT5«0RLOIFLTLQIPRINT 104, OLD,NOW
104 FORMAT (* **** T|ME JUMP:*,15,° T6°,15) :
CLO=NOW s

RETURN

B e N ey 4K N E G T ra




C-===  DUMP BAD RECORD
‘ 13 INERR =1
) QUTPUT * *,'REPORT TAPE ERROR T0 CAPT SCHMIESING', ) NERR
( KK=1
| PRINT 1300, (CHAR(1),1=1,MAXC)
J : 1300 FORMAT(®  *ERR: °*, 8#A1,31(1X,3A1),/,32(1X,3A1))
i

RETURN

L e e

END

FUNCTJON NTEST C(IN)
INTEGER NUM(1 1V 1H , 1H1, TH2, 1H3, Trik, TH5, THE, 1HT, 1H8, THI, 1HO/

NTEST=-99
po 100 =1, M

100 1FCINGEQJNUMCI)) GBTO 200
RETURN

s

200 NTEST=1-1

| RETURN

" END

! SUBROUTINE READ1(NN)

LOGILAL SSH

IF (SSw(1 )ENDFILECT) 3 REWIND(T)3 OUTPUT * EOF *3 CALL RLSFPOV
Call ROTTY

—p——

> ST, 7 IN ;
NNZIN .
IF(SSACH)) JUTPUT NN i
RE TURN '
END i
IMACRSYM GO,S1,NS b
DEF ROTTY E
DEF BUFFER :
Y £QU 1 3
HSPTR EQu 5 H
* ONLY LAST CARD OF THE NEXT Ta0 WiLL BE USED. 1
. (THAT'S HOW WE SELECT WHICH PAPER v
* TAPE READER WE WANT TO0 USE). ‘
DEVICE  SET HSPTR (HIGH SPEED PAPER TAPE READER). 3
DEVICE  SET 1Ty TELETYPE (LOW SPEED). i
ROITY RES 0 {
L&y 6 0 1
RETRY L1,0 DA (COMDW) 3
$10,0 DEVICE 3
Lo BCS, 12 WAIT i
L¥,0 6 :
LBy7 B FFER }
‘ 8 *15
8 JUND 8 4
- COMUA GEN,b,24 X'82',BACBUFFER) g
DATA i i
suftn  RES 20 4
END e
1PASL o INTERRUPT & KEY-IN "SYC" E
1LOAD GO, (FORE, 1CU0), (UDCBy2 ), (L IByUSER,SYSTEM), (TEMP,500), (FILE,FP,SOLARTAP) g
saOSIGN (Fs7,7TAG1), (RECL,240) :
$ASSIGN (F$H, TYAG1 ), VFC

IMCS 8 [NTERRUPT AND KEYIN "RUN SOLARTAP™
Fiv ,
! 55 |
|

=

prc e LT KPR ) T N TR RN R
Nl Y ‘X, ! " ATy

R
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§

{

i

1

:

E
4
A
3
E

BEs 7T X X8t

i
i
!JUB SULAR.’LT eese ANALYZE/H.UT nATA see e {
‘ 13UN BP,SOLARPLI
| 3975, 4082,
2, 3
132,
W4 o
¥ “’
246,1,80,
. 4y
1 11,12,7,132,
' GROUND ARRAY
< ROOF ARRAY
1FIN
! 1Jbo SOLAR,PLOT eees LOAD ANALYSIS PROGRAM +ess
r% LF 3RTRAN S 1,NS,G0
. COH ™ ® % 8 8.8 0.0 2 00080890888 08660080800009000080
co o0 SOLAR HOUSE DATA REDUCTION & PLOTTING e e
CO ® P ® 8 8 2 50 ® &8 8 8 2 8 82 2 886 &8 030808 aeseaeee
i Co v CAPT ROY SCHMIESING, USAFA/DFEE, PH: (303) 472-2023 * *= * ¢ *
' cen e CAPT J MIKE DAVIS USAFA/DFCEM PH: (303) 4T72-2649 * e e
. Ce o * WRITTEN IN ANS! FORTRAN IV FOR THE JOFEE SIGMA 5 L
. ce + v JAN, 1976, PROPERTY CF THE U.S. GOV'T, ®e e
oy NEERERREBENEEEEEEEENEESNEEE S IS S SN
INTEGER S YM,MAXV(6), TDATA(99),LVAR(6,6),TITLE(10),PDATA(6,345,6)
C=- DEFINE FILES
INTEGER OTAPE/8/,PTAPE/ T/ ,USER/S5/
C MAGNETIC TAPE FORMAT: FEACH DATA BLOBCK CONTAINS 64 SENSOR READINGS,
C BEGINNING WITH THE TIME-OF-DAY AS SENSOR NUMB ONE., EACH BLOCK IS
¢ RECORDED AS TWO TAPE RECORDS, ACCORDING TO FORMATCI4,31C13,1X,),/,3214),
¢ THe TAPE IS 200 BPt, 7-TRACK, 128 CHARACTER RECOROS, BCL, EVEN PARITY,

THIS PROGRAM USES A CALCOMP 570 PLOTTER AND DFEE L IBRARY DRIVERS
INTEGER OLDTIM,TIMI,TIM2,TIM3, TIMY4
DATA MUX/ 2400/,0L01/9999.0/,LASTR/0/
REwIND D TAPE
K=0

(@]
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Ll

c.l.'. 'N‘]"AL OPERAIOR D‘ALUG Y2222 XTI ZYYR R A2 22X 2L 222 2 22 2 2222222 2s b

| : GUTPUT *  **** SOLAR DATA PLOTTER ****'
' QUTPUT °  MOUNT DATA TAPE, 200 BPI°
I CONT INUE

| ' 1 OUTPUT * ENTER MIN,MAX TAPE RECORD NUMBERS'® {
INPUTCUSER) MINT, MAXT ;
IFC MAXT-MINT oGE.350)0UTPUT "SORRY, MAX IS 350°; GOTO 1

OUTPUT * ENTER NUMBER OF MONTH N WHICH DATA WAS TAKEN'
INPUT (US ER)MO
} MONTH=MD
; LF (MO,LT.0IMONTH=-M0
L OUTPUT °*JU IEN DATE 2 °
INPUT (USER) DAY

” C=-== SKiP T0 START OF DATA

T IF(MINT-LASTR.LTZ2) GO TO 11
D6 10 1 R,MINT-LASTR

‘ READ(DTAPE, 70,END=1313)JUNK

¥ 10 READ(DIAPE, 70,END=1313)JUNK

¢ 1 CONTINUE ‘

K 2 CONT INUE

; IF (KEYR.EQs1HR) GBTO 107

SUTPUT °*HOW MANY PLGTS OF THIS DATA?®

INPUT (USER ) MAXP

IF (MAXP.GT.6) OUTPUT °‘SORRY, MAX IS 6°3 GBTG 2

(---= READ 1IN VARIABLES T0 BE PRINTED
D0 106 NPLOT=1,MAXP
4 PRINT 104 ,NPLOT
104 FORMAT (' HOW MANY VARIABLES ON PLOT',1D)
INPUTC USER ) MAXV(NPLOT)
IF (MAXV(NPLOT )oGT,6) DUTPUT °SDRRY, MAX IS 6°; GOTO &

m‘twl -
e ¥ 4 .

T
,""“vo' g e

T e > 2
; 4
v o W

PRINT 105, MAXV(NPLOT) ,NPLOT
19> FORMAT .~ ENVER THE® 12,° VARIABLES OF PLOT®,12)
106 INPUT (USER)D, (LVAR(NPLOT,NVAR) ,NVAR=1,MAXV(NPLOT))
107 LONT I NUE :

pulpul * °

M T
»a

R T tas

-
u,
I.-




o

e T T

c..'.. GE] DAIA FROM DATA IAPE AAAAAZ LT 2 2 2L 2221222222 22222 X2 R Y222y Yy

D8 100 IXT=1,MAXT-MINT+)
READ (D TAPE, 70,END=1313), (TOATACI), | 21,64)
IFCQIXTLEQe1) CALL INIT
CALL CALC

70 FORMAT (3214) |

e e & e
[OOSR P 3

C-=- FOR EACH PLOT
D6 100 NPLOT=1,MAXP
C-=- FOR ALL DATA ON THE PLOT
D8 100 IXV=1,MAXV(NPLOT)
IX=TDATAC1)
LY=TDATACLVARCNPLOT,1XV))
PDATACNPLOT, I XT, IXV) =] Y*MUX+(X
PR 100 CONT INUE

PN

- PLOT  ==nm--
ouTPUT *
LASTR = MAXT
N BUTPUT * PLEASE MOUNT PLOT TAPE AT 200 BPI°
: READC108 ,81)KEYR
: 81 FORMAT (A1)
0 IF(KEYRe EGs 1HR) GO TO 1000
% REAIND D IAPE 5

PN

IFCKEYR.NES TH )STOP

¥ Lo LOOP FOR EACH PLOT REQUESTED
DO 300 NPLOT=1,MAXP

u..... LABEL PLUTS LA 2L a2 A Z X212 2222222222222 22222 Y222 RIS Y ¥

' . C==== C-===INITIALIZE
p o CALL CLRPLT(NPLOT)
o PRINT 41, NPLOT

D3 41 FORMATC® TITLE FOR PLBT®,12,°?")

READCUSER,40) TITLE

40 FORMAT (10A4)

CALL SYMBOL (3.0,048,0.%4,0.0,1,0,17, "USAFA SOLAR HOUSE*)
X,Y,SIZE, ANGLE, N, (MODE, LEN, STRING)

&
Tu

p =

H=-AXIS
CALL AXI1S(1.5,2.0,'TIME OF DAY*,-11,12,0,0.0,0.0,2.0,0)
ARGUMENTS: XPAG, YPAG, IBCD, NCHAR, S1ZE, ANGLE, YMIN

L "l~ '
Fad ty
oo

_? [ o 30
P

oo

V=-AX!S
CALL AXIS(1.5,2.0,I|TLE.Q0 .8.0’9000,0.0’32.0'-1)
C PEN T3 BRIGIN
¢ AGRUMENTS: X0, DX, Y8, DY
CALL JFFSET(=3.0,2.0,-644,32.0)
CALL PLOT (040,0.0y=21)

A Y R S, L O
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T TR e e ST
PUSEDNEEIIE RN

C....Q MAKE DA'I’A H-o‘[s HERPBDTOPDRPBOPIN RO REBRSBORCR PSRRIV RN RERNEORBERREES

L--=-= LOOP FOR EACh TRACE ON THIS PLOT
D8 501 IXV=1,MAXV(NPLOT)

o Le=== LOOP FOR ALL THE TIME-POINTS ON THIS TRACE o
3 PRINT #30,NPLOT,LVARCNPLOT, IXV) ;
. 430 FORMAT(® PLOT®,213)
; DB 500 I1XT=1,MAXT-MINT+1
SYM=0
IF(MBDCIXT420)4EQe1) SYMI2*|XV+4 1
X=MOD(PDATACNPLO T, I1XT, 1XV) MUX) 3
X= I NT (X/ 100 )+AMBD (X, 100+0)/60.0
Y=PDATA(NPLOT, I XT, I XV)/MUX
C---~ PLOT SYMBOL (RAISE PEN IF GOING BACK IN TIME)
IFCOLD 1o GToX)SYM=S YM+1

Ll

oLD I=X
C WILD POINT EDIT
IFCCIABS (X2-X) oL T.45).AND,
+ CIABS (X2-X1).6T1.100))
+ X=X-M00(Q,2)+1
X2:zX1
X1=X

IF (XelLTo0e) X = 0.

IF (X.GE2He) X = 24,
'F (Y.LI.O.) Y = 0.

IF (YeGE.2564) Y = 255,
CALL PLOT(X,Y,~SYM)

500 CONT INUE
0LD 1299933,
501 CONT I NUE

C---=- TERMINATL THIS PLOT
CALL PLOT(15.0,0.0, 1)
0 LONT INUE

L===- TERMINATE ALL PLOTS
CALL CLRPLT(993)
S10P 30
QUTPUT °"HIT EOF ON INPUT TAPE'

1313

T g N T, e AT G OO
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SUBROUTINE CALC
INTEGER C1,f1,F2
------- CALCWATE DERIVED QUANTITIES BASED ON MEASURED VALUES

QQ.....Q.........Q’....Q'QQ.Ql.'....III..QIQ'.ll‘.’iQQQ’I...'..QQ..Q.'{Q‘ssss

T0 ANALYSE DATA PROPERLY YOU MUST KNOW (F T IS IN OLD OR NEW FORMAT.
OLO FORMAT DATA WAS RECORDED PRIOR 16 1600 8 JAN 76.

T0 PROPERLY ANALYSE 0LD FORMAT DATA, THE NUMBER OF THE MONTH IN
WHICH THE DATA WAS TAKEN MUST BE PRECEEDED BY A NEGATIVE SIGN,
EXAMPLE FOR DECEMBER DATA: "-12," FOR MONTH CARD IN DATA DECK

FOR NEW FORMAT DATA, ENTER JUST THE CORRECT MONTH WiTHOUT A NEGATIVE
SIGN. EXAMPLE FOR FEBLRARY DATAs 7"2," FOR MONTH CARD (N DATA DECK

Q.D.l.i..Ql’.....l'i..’.....IQQ..Q..Q’..{I....l.....’.i.l'..i...l......'.ss$s

0LD FORMAT NEWF URMAT

C1 = TDATAGHT) C1 = TDATAC4Y)
F1 = TDATA(45) F1 = TDATAC41)
F2 = TOATA(46) F2 = TOATA(42)

l...'Q.Qll....QQ.II'.'C...‘.....‘.IQQ.CQQ.Q..Q.'QIQQ.0'."..I'.C'C'QQ'O..ssss
'QQQQ.G.O.i.!'l."i".......ll!.i’...i"...'l’.i'l’Iii'.'.{..’..’.".‘.Q§$s$$

C1 = TOATAHD)
F1 = TOATAGHD)
F2 = TOATA(C42)

JF(M0.GTs0) GOTO 650
=~ |F MONTH IS NEGATIVE, DATA IS IN OLD FORMAT, SO REDEFINE C1,F1,F2

JFCIXTLEQ.1) BUTPUT "ANALYSIS BASED ON OLD FORMAT®
C1 = TDATAGHT)

F1 = TDATA(45)

F2 = TDATA(46)

CONTINUE

Ty e Ty T T Y Ry Ry Y L Y AT TR T T L T L L T T T L

TDATA(65) = I1BIT(1,C1)

TDATAC66) = IBIT@,C1)

TDATAC67) = 1BIT(3,C1)

TOATA(68) = 1BIT,C1)

TDATAC69) = I1BIT(7,CT)

ARt




¢ SUN
N = TDATAQID)

. 4
b, NEWTIM = TDATAC1)
= IFCIXTLEQeT) ITIM = NEWTIM
; IF CNoLESJ) GO TD 1

DEL TIM = LMINCNEWTIM,OLOTIM)

- SUN = (N/2564) * (T16,49) * HA
] SUNGA = (N/256.) * (716.49) ® RB(GATILT) * HA
: SUNRA = (N/256,) * (T716.49) * RB(RATILT) * HA
\ QSUN = SUN * (DELTIM/60.)

QSUNGA = SUNGA * (DELTIM/604)

QSUNKA = SUNRA * (DELTiIM/60.)

QSUNT = QSUNT + QSUN

QSNGAT = QS NGAT + QSUNGA

QSNRAT = GSNRAT + GSUNRA

3
.
E
:

LFCIATJLTMAXT-MINT+1) GO T8 30
i PRINT 707, GSUNT,SUMTIM,NEWTIM

‘ 701 FORMAT(° SUN BTU/SF HORIZ =°,FB8.0," (14, ="414,")")
! PRINT 706, QS MGAT
i 706 FORMAT(' SUN BTU/SF GA =',F8.0)
| PRINT 707,Q5 NRAT
J 1ol FORMAT (" SuN BTU/SF RA =',F8.0) (
Su CONT INUE .
1 IDATACT4) = SUN/6,
W TDATACTS) = QSUN
TOATA(85) = USUNGA
TDATA(86) = QSUNRA + T4k,
TDATA(91) = SUNGA/6.
TDATA(92) = SUNRA/6. + 1k,

TDATA(98) = TDATA(92) - T4k, :

SUMIM = SUMTIM + DELTIM *HA B

HA = 1.0 1
BLOTIM = NEWTIM ;

! OLON = N

o Go 16 3

- 1 IF(OLONJLE,O) GO T8 2

NEWTIM = TDATACY)

DELTIM = LMINCNEWTIM,OLDTIM)

SUN = (N/256.) * (T16,49) * HA

SUNGA = (N/256.) * (716.49) * RB(GATILT) * nA

SUNRA = (W256,) * (716.43) * RB(RATILT) * HA

QSUN = SUN * (DELTIW/60.)

QSUNGA = SUNGA * (DELTIM/604)

QSUNKA = SUNRA * (DELTIM/60.)

QSuNT = QSUNT + QSUN

QSNGAT = QSNGAT + QSUNGA

QSNRAT = QSNRAT + QSUNRA

TDATACT4) = SUN/6,

TDATACTS) = QSUN

T0ATA(B5) = (SUNGA

TUATA(BE) = QSUNRA + 14u, 4
1DATA(91) SUNGA/S.

104TA(92) SUNRAZ6. + 144,

1DATA(98) = TUATA(I2) = 44, .

SUM 1iM = SUMTIM + DELTIM

S
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PRINT 701, SUNT,SUMTIM NEN]IM
’ PRINT 706,08 NGAT
‘ PRINT 707, NRAT

, HA = 0
OLON = 0
; BLO liM = NEWTIM
60 103
2 TOAGACTS) = @
TDATA(T4) = O
TUATA(8S) = O
TOATACB6) = 44,
TOATA(91) = 0
TOATA(92) = 144, :
TOATAC98) = TDATA(92) - 144 j
BLOTIM = NEWTIM !
3 CANT INJE 3
J . L 4
i v HEATLOIL
b
j NONTRL = TDATAC68) 3
; I CNCNTRLLLELO) GO T8 & 3

JIEMP = TDATAQRQ) - TOATAQRT)
NENTIM = TDATACY)
DELLIM = LMINCNEWTIM JIM1)
QHC = (FLOWM)*(SPHEAT) * (D TEMP I *(DEL T M) *(CNTRL1I*(8,34%)
TDATA(76) = QHL/ 1000V
vl = QHCT + QHC
STIM 2 STiM « DELTIM* (INTRLT)
VECIXT. EQe MAXT ~ MINT + 1)

i & PRINT 702,QHCT,STIM,NEWTIM

702 FURM*I(' ﬂc B]U :',FS.U,' (’,l“,"‘.l“").)

TIMT = NEWTIM
CNIRLT = NCNTRL
G0 10 6

4 IFCCNTRL1,LELO) GO TO 5
DTEMP = TDATA(20) -TDATAQZ 1)
NEwTIM = TDATACY)
DELTIM = LMINCNEWTIM,TINT)

Pou o

-

s, QHC = (FLOW)*(SPHEAT)*(DTEMP)*(DELTIM)® (8,34)
k.iz TDATACT6) = QHC/100.0

B3 , QHCT = QHCT + QHC
2 4 STIM = STIM + DELTIM

&%

PRINT T702,QHCT,STIMNEWTIM

+
L

UNTRLY = 0

f TIMYT = NEWTIM

3 SITIM = v

X G 10 6
¥ 5 TOATACTEY = O
! ‘ TIMT = NewliM

5 LONT )t Fo12

"[ <
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T L GAS i

NCNTRL = TDATA(69)

IFCNCNTRLS LELO) GO TO 7
NEWTIM = TDATAC(T) i
DELTIM = LMINCNEWTIM,TIM2) ;
QG = GSFLOW * DELTIM * 795.0 * CNTRL2
10ATACTT) = (6/100,0 ;
TOATAC78) = (IDATA(T76) + TOATA(T7))/10, ?
Q6T = Q6T + Q6 i
GTIM = GTIM + DELTIM * CNTRL2 L

IFCEXTe EQa MAXT ~ MINT + 1)
& PRINT TU0,QGT,GTIM NEWTIM
100 FORMATC'  GAS BTU =",F8,0," (',l4," AT *,14,*)")

TIM2 = NEWTIM s
CNTRL2 = NCNIRL 1
GO T0 3
A IFC(CNTRL2. LE. 0) GO T8 8 :
' NEWTIM = TDATACY)
B § DELTIM = LMINCNEWT IM,TIM2)

: QG = GSFLO® * DELTIM * 795.0
! TDATACTT) = QG/100.0 ;

TDATAC78) = (TDATACT6) + TDATACTT))/ 10, 1

GTIM = GTIM + DELTIM
Q6T = QGT + Q6

\‘m—‘.’.—_ .
-

FAINT T700,QGT,GTIM NEWTIM

d IDATACTT) = 0O
TDATAC78) = (TDATACT76) + TDATA(T7))/ 10,
[1M2 = NEwTiM

J CONT ENUE 1

1
L~
- e

R
v
e ¥
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L GROUND ARRAY

NCNTRL = TDATA(66)
IF(NCNTRL. LE. 0) GO TO 10

T18 = TDATAC(T)
FFCCNTRL3. LE. 0) PRINT 710,718, NEWTIM
7110 FORMAT (*  TANK WATER TEMP AT BEGIN OF GA OPERATION =°,
& T4, * AT ', 15)




k- - DIEMP = TDATA(5) - TDATA()
- FLG = F1
GFLONZEVAL (FLO)
TDATA(80) = GFLOW
NEATIM = TDATACY) i
| DELTIM = LMINCNEWTIM,TIM3) j
GATiW = GATIM + DELTIM * CNTRL3
QGA = GFLOW * SPHT * DTEMP * DELTIM * 8,83 * CNTRL3

TDATA(T3) = QGA/221.521

TDATA(87) = QGA/100. :
TDATA(93) = (TDATAC79)*10,)/DELT iM ;
TOATA(96) = (TDATA(93)/TDATA(91)>*100. 3
QGAT = QGAT + QGA

17 CIRT o EQeMAXT-MINT+1)
& PRINT 703,QGAT,GATIM,NEWTIM

703 FORMAT (' GA BTU =",F840,° ("yl4," AT ",14,")") 5
TIMS = NEWTIM g
UNTRL3 = NCNIRL i
L GO T80 12
* 10 IFCCNTRLILLELO) 60 TO 11
] TTE = TOATACD ;
F PRINT 711, TTE, NEWT IM ’
b 711 FORMAT (" TANK WATER TEMP AT END OF GA OPERATION =°,
) & 4, AT *,15)
1 DIEMP = TOATA(5) - TDATA(S)
’ FLO = F1

GFLOW=EVAL (FLO)
TDATA(B0) = GFLOW

NEWTIM = TDATACY)

DELTIM = LMINCNEWTIM,TIMD)

3 GATIV = GATIM + DELTIM

2 QGA = GFLOW * SPHT ® DTEMP * DELTIM * 8.83

;| TOATA(79) = QGA/221.521
s TOATA(BT) = QGA/100.
k| TDATA(93) = (TDATAC79)*10.)/DELT IM
Lo TDATA(96) = (TDATA(93)/TDATA(91))*100,
’.‘& QGAT = QGAT + QGA
;‘*:3 PRINT 703,QGAT,GATIM,NEWTIM
>V
;l CNTRL3 = 0
T TiMS = NEaTIM
: &! GATIM = 0
: G0 10 12
11 TOATACT?) = O
10ATA(B0) = 0
1DATA(8T) = O
TOATA(93) = O
TDATA(96) = CTDATA(93)/ TDATA(91))*100.
TIM 3= NEATIM
12 CONT | NUE

L-1k




P ¢ ROOF ARRAY

‘ NCNTRL = TDATA(67)
' ~ IF(NCNTRL, LE, 0) GO TO 13

T18 = TDATA(D)
IF(CNTRLY4. LE. 0) PRINT 712, TTB,NEWTIM
71 FORMAT (" TANK WATER TEMP AT BEGIN OF RA OPERATION z°,
& Ly * AT "515) i
OTEMP = TOATAC11) - TDATAC(12) .

el o

FLO = F2
RFLOW=EVAL (FLO) ;

, TOATA(82) = RFLOW .
. NEWTIM = TDATAQ1) A
3 OELTIM = LMINCNENTIM,TIMY) i
, RATIM = RATIM + DELTIM * CNTRLY i
v QRA = RFLOW ® SPHT * DTEMP * DELTIM * CNTRLY * 8,83 -

] TOATA(81) = QRA/221,521 ¢

TDATA(83) = TDATA(79) + TDATA(81)
TDATA(88) = QRA/ 100,

1 TOATACB9) = TDATACBT) + TDATA(S88) + 50.

; TOATA(90) = TDATA(81) + 144,

: / TOATACI4) = (TDATACB1)*10,)/DELTIM + 144,

TOATA(95) = TOATAC9%) - 1dy,

‘ TOATA(97) = (TOATA(95)/TDATAC98)) * 100. + 100.

cF JRAT = QRAT + QRA ;

e

IFCIXTLEQuMAXT-MINT+1)
& PRINT 704,QRAT,RATIM,NEXTIM
7104 FORMATC® RA BTU =',Fe.0," (",ll4,° AT *,14,")")

TIM4 = NENTIM
CNTRL 4 = NCNIRL
GO 10 15
13 IF(CNTRL % LE. 0) GO TO 14

TTE = TDATACD)
PRINT 713,TTE, NEWTIM

713 FORMAT (" TANK WATER TEMP AT ENO OF RA OPERATION =°, ;
& L4y * AT "419) 4
DIEMP = TDATAC11) ~ TDATA(12) '

FLO = F2

RFLOW=EVAL (FLO)

TDATA(82) = RFLOW

NENTIM = TDATACY)

DELTIM = LMINCNEWT IM,TIM&)

RATIM = RATIM + DELTIM

QRA = RFLOW ® SPHT * DTEMP * DELTIM * 8.83

TDATA(81) = QRA/221,521

TOATA(B3) = TDATA(79) + TDATA(8Y)

TOATA(88) = QRA/100,

TDATA(8Y) = TDATA(87) + TDATA(88) + 50,
TOATACICY = TDATA(B1) + 14k,

T0L73(94) = (TDATAC81)*10,)/DELTIM + b4,
1DATAC95) = TDATA(94) =~ 144,

TOATAGIT) = (TDATA(95)/TOATA(98)) * 100. + 100.

JRAT = QRAT + QRA
PRINT T04,QRAT,RATIM, NEATIM

E-15
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TIME = NEWTIM

s YY

CNTRLY = 0
RATIM = O
‘ GO 16 15
‘ 1% TDATA(81) = 0
TJATA(82) = 0 o
TDATA(B3) = TDATA(Ty) + TDATAGRY) C
. TDATA(88) = 0 C
TOATA(89) = TDATA(ST) + TDATA(88) + 50.
TDATA(90) = 14k,
: TDATA(94) = 14k,
S TDATA(95) = 0
TDATA(97) = (TDATA(95)/TDATA(98)) * 100. + 100.
TIMs = NEWNTIM
15 CONT I NUE
TDATA(65) = 200.0 + 8* TDATA(65) ‘
, TDATA(56) = 224.,0 + 8.0 * TDATA(66) ‘
<2 TIATA(6T) = 248.,0 + 8.0 * TIATA(ET)
% TDATA(68) = 208.0 + 8.0 * TOATA(68)
TOATA(69) = 232.0 '+ 8.0 * TDATA(69)

VFCIAT. NEo MAXT-MINT+1) RETURN
gutPutr * °
181y = QHCT + QGT
SH = QrCT/T3TY * 100.
TENGA = QSNGAT * 221.521
TENRA = B NRAT * 221,521
GACE = QGAT/TENGA * 100.
RACE = JRAT/TENRA * 100.
PRINT 82, IRI (DQAY)y ITIMNEWTIM
82 FORMATC/," *** SUMMARY 8F DAY',l4,"° Cyld,* T8 ", 14,%) ***)
PRINI 715, 18Ty, QHCT,SH
PRINT 716, TENGA,QGAT,GACE
PRINT 717, TENRA,QRAT,RACE
715 FORMAT(' HOUSE BTU'°Ss  GAS+SOLAR=',F8.0,° SO8LAR=",F8.0,
& ' ASOLAR=',F5. 1)
716  FORMAT (" GROUND BTU''Ss  AVAILABLE=',F8.0," COLLECTED=",F8.0,
& * A EFF =',F5. 1)
717  FORMAT(® ROOF BTU°'Ss  AVAILABLE=',F8.0,° COLLECTED=",F8.0,
& ° SEFF =",F5. 1) ¥
RE TURN




——
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SUBROUTINE INIT

D0 1 1:64,99
TOATACH1)=0

0LON = 0

SUMITIM = 0

QSUNT = 0

HA = 0

OLOTIM = TDATA(Y)
SPHEAT = 1,0
FLOW = 11,88
CNIRL1 = O

QHCT = 0

TIMY = TDATAQY)
STim = 0

TIMe = TDATACT)
GSFLOW = 2.069
CNTRLZ = U

QGT = 0

GTIM = 0

SPHT =.775

GATIM = 0

RATIM = O

JGAT = 0

QRAT = O

TIMJ= IDATACQY)
TiM4 = TOATACT)
CNIRLI = 0
CNIRLY = 0
QSNGAT = ¢
QSNRAT = 0

X = 3.1416/180.0
GATILT = 45, * X
RATILT = 52, * X
RE TURN

FUNCTION RBCTILT)
THIS FUNCTION CALCULATES CCRRECTION FACTOR FOR RAD ON TILTED
SURFACE
AT = 39, * X ‘
DEC = (X * 23.45) * SINC(284.+ DAY)*(360,/365.) * X)
HOD = LMINCNEWTIM,0)/60.,0 + EQNT(MONTH)
HANGLE =€15,0 * (12.0 - HOD) * XD
LOST = COS ( AT=TILT)*COS (DEC)*COS (HANGLE) + SINC AT-TILT)
*SINCDEC)
COSL = COS CAT)*COS (DEC)®COS (HANGLE ) + SINC AT)*SIN(DEC)
R8 = COST/C0SZ
rRE TURN

END

s —




— - e G e Iy wﬂﬂ!‘[“}J--'!“'.ﬂ--g-g—q!“-"'!‘

FUNCTION LMINCI2,TD)
L--== THIS FUNCTION COMPUTES THE LENGTH IN MINUTES BETEEN T1 ANU T2

INTEGER 11,12

IF(T1.6T.T2) BUTPUT *ERROR (N LMIN®, T1,12,0L0TIM, TIMY,TIM,

& TIM3,TIM4

LMIN=(T2/100-T1/100)*60+M0D (T2, 100) -M0(T1,100)

RETURN

END

FUNCTION (B4 TCINy INC)

IBIT= (INC/2**CIND)-CINC/2%*CIN  +1))%2

RETURN .

END 9

FUNCTION EVAL (VALVE)
== EVALUATE FLOW RATE FROM CAL IBRATION DATA BASED ON VALVE POSN
DATA MAXTAB/30/
REAL TABLE (2, 30)/000506043249040,60442.05,644,2,12,
700,2.“7,80..2.76’900'3011,100.,3.39’1100'3.68.1200.“010.
130694038y W0eyp¥e67,150445.23,160,,17,07,164.,8.09,
170097462, 180411459, 1894, 13.01,199.,13.86,204,, 14,71,
209.’1“039.21“0|15013,22“0g15055,2370'15.8”,
24544164 12425345 16, 404255, 4 16469/ y

Qo Qo Do Qe Ou

U-- SCAN TABLE FOR LINES TO INTERPOLATE BETWEEN
DO 10 ITAB=1,MAXTAB

10 IF (CTABLE (1, I TAB).GE.VALVE) GOTO 99
o tF LARGER THAN MAX, FALL THROUGH
BuTPUT "VALVE BUT OF RANGE®', VALVE
EVAL=16.69
RETURN

9y CONT I NUE
DVALVE =TABLE (1, ) TAB)~-TABLE (1,1 TAB-1)
OFLO =TABLE(2,|TAB)~TABLE(2,ITAB-1)
EVAL=TABLE (2, ITAB-1)+ DVALVE/ (TABLE(1, I TAB)-TABLE(1,1TAB-1))
+ *OFLO
RETURN
END

FUNCTION EQNT (MONTH)
C THIS FUNCTION EVALUATES THE EQN OF TIME FOR MID MONTH
REAL ANS (12) /’9.,'1305,‘9;,-10’3.5,‘1o"50"30’509130'
& esle/
EQNT = ANS (MONTH) / 6040
RETURN
END
1PAU KEYIN "SYC"
10L0AD GO, (UOCB,3), (L IB,USER,SYSTEM), (FILE,BP,SOLARPLT)
SASSIGN (F37,71AB1)
sASSIGN (F:8,7TA81)
sASSIGN (F35,CRA0D)
IMES ~uN THIS PROGRAM #iTH A "RUN BP,SOLARPLT™ DECK
JFIN
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¢ * SOLRAD/NSSLD PROGRAM ADAPTED T8 B6700/7700 COMPUTER .

, c * SUBROUTINE SUN FROM NBSLD HEAT TRANSFER SUBROUTINES, GRAPH *

: c * PACKAGE FROM CAST LI3RARY, USAFA B6700. THIS PROJECT FOR *

c * CE 459, SOLAR ENERGY RESEARCH. .

c *  ADAPTED BY CIC JAMES P, HUNT, STUDENT, CE 499. .

c . CADET SQUADRON 19, PHINE: 472-4741 .

] *

f E 22232 222222222222 X222 222223 X222 2 2 X 12X 22 22X Al s llasddd

T' 1 cOQCOIQ.QGI!ll.l'il’.lQ00l.Q.l..i'OQIbll.’l..ll.li.l.l.l....}l.QQQQ..IQQ ;

[ C***NBSLO SUBROUTINE SUN ACCEPTS JULIAN DAY AND TILT OF SURFACE .
o C***CONSIDERED T0 COMPUTE SOLAR RADIATION INTENSITIES, INCLUDING DIRECT, 2
Lo L***DIFFUSE, AND TOTAL RADIATION. ;;

¢ i bll.l'...Qli..l..0..Q.QQ".Q....Ql"...l'.l"'!l.’.i...Q.Q.ll.l...'.....

SUBROUTINE SUN (A,B,C,D,E,F,G,H,1)
REAL LAT,LATD,LONG,MERID,LOND

PCSTRR ' FESRS EE RIS 2

REAL A0(5)/4302,~40002,368444,41717,0,0905/,A1(5)/=22.93,.413
X7’2“052'-003““'-00“10/'A2(5)/--229'-3.2265,’101“,.0032'.0073/’A3(5 j
X)/-02u3,-00903”1009'.002“’00015/,81(5)/3‘851,-70351..53,-000“3,.0
XOOJ“/.BZ(5)/0002’-903912"018,00’0.000“ /’83(5)/'.055.'.3361,028|- f;
x.0008’-00006/ L

e 4

COMMON /SOL/ LAT,LONG,TZN,WAZ,WT,CN,DST,LPYR,S(35) j

S(1)= LATITUDE,DEGREES (+NBRTH,=S0UTH)

S(2)= LONGITUDE, DEGREES (+WEST,-EAST)

S(3)= TIME ZONE NUMBER

STANDARD TIME DAYL IGHT SAVING TiIME

ATLANTIC 4
EASTERN 5
CENTRAL 6
MOUNTAIN 7
PACIFIC 8 '

S(4)= DAYS (FROM START OF YEAR) ;

S(3)= TIME (HAOURS AFTER MIDNIGHT, 24 HBUR CLOCK)

S(6)= DAYLIGHT SAVING TIME INDICATOR (1=20ST)

S(7)= GROUND REFLECTIVITY

S(8)= CLEARNESS NUMBER

S(9)= KALL AZIMUTH ANGLE (DEGREES FROM DUE SOUTH)

S(10)= MALL TILT ANGLE (DEGREES FROM HORIZONTAL)

S(11)= SUNRISE TIME

3 (12 )= SUNSET TIME

S35z COS @) DIRECTION COSINE

S14)= COS (N) OJRECTION COSINE

S(15)2 COS (S) DIRECTION COSINE

S(16) = ALPHA DIRECTION COSINE NBRMAL 10 TILITED SURFACE

S(17): BETA DIRECTION COSINE NORMAL TO TILITED SURFACE

S (18)= GAMMA DIRECTION COSINE NGRMAL TO TiLITED SURFACE

S(17)= COSCETA) COSINE OF INCIDENCE ANGLE

S(Zu)= S0LAaR ALTITUDE ANGLE

S i)z SOLAR AZIMUTH ANGLE

-~ FE W
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$@22)z DIFFUSE SKY RADIATION ON A HORIZONTAL SURFACL
$(23)= DIFFUSE GRBUND REFLECTED RADIATION

$@4)= DIRECT NORMAL RADIATION

$(25)= TOTAL SOLAR RADIATION INTENSITY

S(6)= DIFFUSE SKY RADIATION INTENSITY

S @7)= GROUND REFLECTED DIFFUSE RADIATIIN INTENSITY
S(28)= SUN DECL INATION ANGLE C(DEGREES ,+SUMMER,-¥INTER)
S @9)= EQUATION OF TIME (HOURS)

S (30)= APPARENT SOLAR CONS TANT :
S(31)= ATMOSPHERIC EXTINCTION COEFF ICIENT 3
S(32)= SKY DIFFUSE FACTOR o
$(33)>= CLOUD COVER MODIFIER

S (34)= INTENSITY OF DIRECT SOLAR RADIATION ON SURFACE

S (35)= HBUR ANGLE (DEGREES)

S (36)=TOTAL INTENSITY ON SURFACE, BTU/FT®%2-HR

OCOoOCOOOoOCOOOee e

o S (4)=A
$(5)3
SAM

RAGRBERERORBRERANERIRB R AR R AP DERDGOREENQERNBRRTRBRUNRRBRRRNRRRBRRRERSEN

THESE VARIABLES ARE CONSTANT FOR LOCATION OF USAFA, MOUNTAIN STAN-
DARD TIME,

: S(1)238,75; S(2)=104,755 S(3)=T3 S(7)=.23 S(8):1.00

, $(33)=1.0

b L SRR RRNRRE RGN T ER R R BB RN BB T RN R R RN RN DGO ROBERORORGRORENRBRABTRERNBNRRS
\

N

“ ——
[ N o

S(34)=03 SR6)=03 S27)=03 5(25)=0
PI23.,1415221

" FIND VALUES OF EQUATION OF TIME, SOLAR COSTANT, ATMOSPHERIC EXTINCTION b
W COEFFICIENT AND SKY DIFFUSE FACTOR L
X=2*P|/366.%5 (&)
€C1=C0sS X)
C2=CaS 2%X)
v CJ=C0S (3*X)
) S1=SIN(X)
S2:=SIN(2*X)
SI=SINC3I*X)
00 10 K=1,5
KS=(K~-1)+28
10 S (KS)zAQKI+AT (K)*C1+A2 (KI*C2 +AJ (K) *CI+B1(K) *S 1482 (K) *$2+BI (K ) *3]

S(29)=5(y¥60
LATO=5 (1)

* LONGSS 2)
MERID=15%S(3)
LOND =L ONG-MERID

Y=5 (28)*P1 /180 E
YYLATD*?1/180 i
HPz=TANCY)* TANCYY)
TR=12, P1#ARCOS (HP)




— L

20

40

P B
\\ 50

10
80

90
100

110

S(11)=z(12-TR)=5 @9)+LOND/15
S${(12)=24,-58(11)

DS
£33 (12)

H=15%(5(5)=12+5 (3)+5(29)-5(6))-5Q)

S(35):=H

S (Y3)=SINCYY)*SINCY)+COS (YY) *COS (Y)*COS (H*P1/180)
HP1218U+*ARCOS (HP)/ P

X 1=A8S (HP1)

X2=ABS (H)

IF (X1=-X2) 130,20,20

S (14)=COS (Y)*SIN(H*PI/180.)
S(15)z SQRT(1,-5(13)*S (13)~-S (W) *S (W4))

STEST=5(15)

STEST1=C0S (H*P1/1804)=TANCY)/ TANCYY)
IF (STEST1) 40,30,30

S (15)=STEST

GO T0 50

S (15)=-STEST

S(20)=ARSINCS (13))
G6 T6 80

S (@1)=Pi-ARSIN(S(14))/C0S (S(20))

$ 20)=180.,*520)/PI

SQ1):180.*5Q1)/P|
S24)=SQ30*SWBI*S(I*EXP(-S31XV/S(13))
S@2)35(32)*5Q4)/S5(8)*"2
SQ@3)=8(Tr*(S(22)+S 24)*S(13))

#Y=5(10)*P1/180.
S16)=C0S (wY)

WA S (9)*P1/180.
$(16)=C0S (aY)

SQIT) SINCHAI®S INCAY)
S (13)=COS (WA *SINCwY)

SN A*SANS AN (M)+S(18)*S (15)
SQ4)=S R4)*3(13)

Yz0,45
IF (S3)»0.2) 100, 100,90

Y20,55+0, 437*S(19)+0,315% (19)*%¢
IF (SGy» 110,110,120

$(19)=0,
S (J4) =0,

E-21




-l A \\M.————“ B

" -

47
ST

ho

el
»
e

S
g}

120

139
140

150

coooCc o

600
5

CONTINUE

S @6)5(22)*Y
SRTS@N*(1-5(16))/ 2,
SR@5)SANHL @EILB RN
G0 TO6 150

DO W0 J=14,27
S0
S(34)=0

CONT INUE
F=5@25)
G=S @26)
H=S(2T)
135 (34)
RETURN
END

Qiill'.ll!.'i.i."..Q....’..DI...I’Q!I.i.!ll.i.l.‘.l.’ll.lll’!!

* *
* SOLRAD/ NSSLDS THIS-IS THE ACTUAL PROGRAM WHICH CALLS .
* SUBROUTINE SUN FROM ASHRAE AND SUBROUTINE PLOT FROM *
* L IBRARY FILE. *
« *
L 4 »

.’ll."ID.Ql.’QDIQDI..’Q.'.'.l..l‘lll!..lll'il’.ll{l’.!lll!’.

EXTERNAL PLOT
D IMENSION S 36), X(100), Y(100)
READER =5

READ (5,5)S (4),S(10)
FORMAT (13,2X,t3)

C***%|NSERT JATA CARDS AFTER "B IND=FROM SOL/" CONTROL CARD WITH <i> DATA
C****PRECEDING THE DATA DARDS. DATA FORMAT: 3 DIGIT DAY, 2 SPACES,
C****3 0IGIT TILT ANGLE, BOTH DATA RIGHT PREFERRED. TO TERMINATE,
C****A\DD FINAL DATA CARDs DAY=367, TILT=0009

10
11

15

IF (367-5 (%)) 500,500, 10

PRINT 11,5(4),SC10)

FORMAT (' 1DAY= ", 13,4X%,°TILT= *,12,° FROM HORIZINTAL (DEGREES)'/)

PRINT 15

FORMaT (20X, "ALL VALUUES FOR SURFACE TILT ABOVE, IN BTU/HR,-FT*%2"
X,//" HOUR®,7X, 'DIRECT *,6X, *SKY DIFFUSE",3X, "GRND. REFL.",6X,"T3TAL
K'y 7Ky "TOTALCBIU/MIND®,/)

1 =0




‘ 5 1
E‘ z
= 3
L C***i3ToUN EQUALS RADIATION TOTAL FOR GIVEN DAY®®s»nws
oY TOTSUN=0
f 00 200 R=0,24,.25
SR
I zi+1
L : CALL SUN (S(4),5(5),5010),5(11),5(12),5 @5),5@6),5S@1),S(34))
TOTSUNZ.25%5 (25)+TITSUN
XCH=R
Y(1)=S 25)
$ (365 25)/60.
200  PRINT 300,5(5),S(34),5(26),5(27),5(25), S(36)
300 FORMAT (F6.2,5(5X,F9.3))
$ (34)=03 S (26)=03 S @7)=03 $(25)=03 S(36)=0
PRINT 23,5(11),5 (12), TATSUN
23 FORMAT (/,' SUNRISE AT ',F5.2," HOURS',5X," SUNSET AT *,75.2," HOU
XRS®,/," TOTAL ENERGY FOR DAY: *,F3.2,' BTU/SQ. FT.*)
C SUBROUTINE PLOT CALL ALGOL PROCEDURE WHICH CALLS A B6700
C LIBRARY ROUTINE TO GRAPH THE VALUES OF SOLAR RADIATION,
CALL PLOT (X,Y,S(%),5¢10))
GO TO 600
500 STOP
END 5
DATA i
COMPILE SOL/PLOT ALGOL LIBRARY .
PROGRAM :
PROCEDURE PLOT(X,Y,.,4)3 REAL ARRAY X¢®1, Ye®1; INTEGER Z,W; 3
sEGIN i
FILE LINE (KIND=PRINTER)} ;
$ INCLUDE "*CAST/GRAPHPAC,™ 3
FORMAT TITLE (X40,"TOTAL SOLAR RADIATION ON SURFACE™,/)} D
FORMAT LABE ¢/ ,X20,"RADIATION (BTU/SQ. FT./ HOUR) VS. TIME™); :
FORMAT DATE (X30,"PLOT FOR DAY “,13,/,X30,"TILT= ",13," DEGREES™);
SGRAPHER C(T1TLE,LABE o XsY,96,".")3
NRITE CLINE,DATE,Z,W)3
END OF PLOT;
DATA
045 000
046 000
047 000
070 000
071 000
072 GOV
0v2 000 )
0¥3 000
Q9% 000
400 00
338 000 ;
335 000 .
35 000 £.on .




; PRUUEDING PaGE BLANKeNCT FILVED .
S
3 ¥
|
E APPENDIX F
1 SOLAR ENERGY SYSTEM TABULARIZED PERFORMANCE
; DATA SUMMARY .
(December 1975 to April 1976) ; _:
| ;
E o LIIE PAGE NO. i
December 1975 Fo : ,
Jemuary 1976 F-8 3
February 1976 _—
March 1976 r20 ‘
April 1976 F-25 !
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SOLAR TEST HOUSE

Summary of Data - December 1975

Days of Record Considered

Total Hours from Analyzed

House Heating Demand (Hourly)
Average Solar Insolation Available

Average Number of Degree Days

Btu's Available to the Solar Arrays

Btu's Collected by the Solar Arrays
and Storage Tank

Btu's Provided to the House for
Heating by the Solar Energy System
Based on 100% Furnace Efficiency

Based on 70% Furnace Efficiency

Overall System Performance

22

Ls6

10,526,290 Btu's (23,084 Btu's/ir)
673 Btu's/SF

28 (Thererore, average outside
temperature = 37°F)

14,364,347 (136% of Heating Demand)

5,345,994 (51% of Heating Demand
and 37% of that Available)

623,105
6% of Heating Demand
8% of Heating Demand

12% (Btu's Provided/Btu's Collected)
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SOLAR TEST HOUSE

Summary of Data - January 1976

Days of Record Considered

Total Hours from Above Analyzed
House Heating Demand (Hourly)
Average Solar Insoclation Available

Average Number of Degree Days

Btu's Available to the Solar Arrays

Btu's Collected by the Solar Arrays
and Storage Tank

Btu's Provided to the House for
Heating by the Solar Energy System

Based on 100% Furnace Efficiency
Based on 70% Furnace Efficiency

Overall System Performance

F-13

18

361

9,361,879 Btu's (26,681 Btu's/Hour,
674 Btu's/SF

33 (Therefore average outside
temperature = 37°F)

11,340,325 (118% of Heating Demand)

2,933,157 (30% of Heating Demari
and 26% of that Available)

6L2,923
7% of Heating Demand
% of Heating D=mand

22% (Btu's Provided/Btu's Collecte:)
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SOLAR TEST HOUSE

Summary of Data - February 1976

Days of Record Considered

Total Hours from Above Analyzed
House Heating Demand (Hourly)
Average Solar Insoclation Available

Average Number of Degree Days

Btu's Available to the Solar Arrays

Btu's Collected by the Solar Arrays
and Storage Tank

Btu's Provided to the House for
Heating by the Solar Energy System

Based on 100% Furnace Efficiency
Based on 70% Furnace Efficiency

Overall System Performance

F-19

“N“"”“v‘*irﬂr"-‘—;"v —— et - et

2k
530

11,606,483 Btu's (21,829 Btu's/Hour.

985 Btu's/SF

26 (Therefore, average outside
temperature = 39°F)

17,999,280 (15% of Heating Demand)

7,392,805 (64% of Heating Demancz
and 41% of that Available)

2,506,955

22% of Heating Demand
28% of Heating Demand

349, (Btu's Provided/Btu's Collected)
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SOLAR TEST HOUSE

Summary of Data - March 1976

Days of Record Considered
Total Hours from Above Analyzed
House Heating Demand (Hourly)

Average Solar Insolation Available

Btu's Available to the Solar Arrays

Btu's Collected by the Solar Arrays
and Storage Tank

Btu's Provided to the House for
Heating by the Solar Energy System

Based on 100% Furnace Efficiency

Based on 70% Furnace Efficiency

Overall System Performance

F-2k

“9
625

14,067,783 Btu's (22,507 Btu's/Hour)

32 (Therefore, average outside
temperature = 33°F)

19,322,361 (13% of Heating Demand)

10,889,943 (77% of Heating Demand
and 56.4% of that Available)

3,902,031
27.7% of Heating Demand
35.0% of Heating Demand

36% (Btu's Provided/Btu's Collectesd)
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SOLAR TEST HOUCE

Summary of Data - April lu7y

Days of Record Considered

Total FHours from Above Analyzed
House Heating Demani fHourly)
Average Solar Insolation Available

Average Number of Uc.ree Days

Btu's Available to the Solar Arrays

Btu's Collected by the Solar Arrays
anl Storage Tank

Btu's Provided to the House for
Heating by the Solar Energy System
Baged on 100% Furnace Efficiency

Baged on T0% Furnace Efficiency

Overall Jystem ferformance

s
8,721,332 Btu's (14,340 Btu's, Sour
1hhs5 Btu's/s

21 {Therefore, averase cutsile
temperature = LLOF)

17,438,155 (2007 of Beating Deman !

10,361,577 (1197 of HMeating D.omry
and 59.4% of that Availalle)

3,580,112

41.1% of Heatinz Demand

5C.0% of Heaiing Demand

35% (Btu's Provided/Rtu's Colleste
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PrucEDING PAGE SLANKLNOT FILMAD

APPENDIX G
SELECTEQ SOTAR ENERGY SYSTEM COMEJTER
ACQUIRED PERFIRMANCE PLOTS
DAY SELECTED PAGE NO.
22 December 1975 G-l
19 Janu~ry 1976 G-8
23 February 1976 G-12
21 March 1976 G=-16
21 April 1976 G=20
G-1
»
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For each day selected, the following four plots have heen

selected:
a. Energy Available
b. Ground Array
¢c. Roof Array
d. House Heating Demand

The legends for the plots are shown below,

LEGEND FOR HOUSE HEATING DEMAND

= Actual house temperature - °p

<:> = Desired house temperature - °p

3 t
- Heat Coil Bub's into house since last data point

= 100
t
= S BWS ingo house since last data point

LEGEND FOR ROOF ARRAY

Corresponds to Ground Array except collection efficiency

has a zero base of 100,

LEGEND FOR GROUND ARRAY

= (Btu/SF-min collected) x 10

(Btu/SF-min collected)

= 1 i ici
(Btu/SF—min availablé7 x 100 collection efficiency

-

= Fluid temperature into Ground Array - °F
Fluid temperature out of Ground Array -~ Op

E Storage tank water temperature - O

®
®
®
@ -
®
©

= Flow rate - GPM

[h
P




- |
i
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1 .
LECEND FOR ENERGY AVATLABLE DATA . UMMAFY :
* @ =  (Btu/SF-min availeble horizontal surface) x 17
@ = (Btu/SF—min available ground array) x 10 i
@ = (Btu/SF-min available roof array) x 1C ]
1
:

-
-
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APPENDIX H
PROJECT COST SUMMARY FOR ACQUISITION PHASE




Solar Heating Retrofit of Military Family Housing
AFA 1L41-5/FJSRL JON 7903-03-75

}
! May 1975 {
|
i
k
E' ITEM COST WORK DESCRIPTION
. Flat Plate Solar Collectors $5852,76 Minor Construction
ASK 32 Teletype $1285,00 Computer System 3
Plenum Heat Exchanger and $1150.00 Other, FJSRL
Booster Equipment Item 3
valve (Single) $ 97.12 Minor Construction '
Valve Motor $ 135.58 Minor Construction
Valve Linkage $ 132,03 Minor Construction N

TOTAL  $8512,03

Summary

Minor Construction $6077.49
Computer System $1285,00
Program Operation N/A
Other Equipment §1150.00

TOTAL $8512.49 (Check)




Solar Heating Retrofit of Military Family Housing

AFA 141-5/FJSRL JON 7903-03-75

June 1975

ITEM COosT WORK DESCRIPTION
Gas Meters $L71.88 Program Operation
Plate Coil Heat Exchangers $992.96 Minor Construction
Lo Amp Switches $ 60.00 Computer System
Integrated Circuit (SN7L1LIN) $ 30.25 Computer System
Integrated Circuit (SNT7L153N) $ 16.50 Computer System
Integrated Circuit (SNTL1T7S) $ 26.45 Computer System
Microcircuit (UATLLTS) $ 57.00 Computer System
Integrated Circuit {SNTLOON) $ 12.k0 Computer System
Integrated Circuit (SN7438N) $ 6.50 Computer System
Integrated Circuit (SN7LL2N) $ 5.25 Computer Svstem
Light Emitting Diodes $ 21.00 Computer System
Hex Buffer Switch, Clock $ 12.00 Computer System
Hex Buffer Clock $ 12.00 Computer System
Integrated Circuit (SN7L7LN) $ 3.75 Computer System
Annubar Sensor $ 3,24 Program Operation
Annubar Sensors $176.65 Program Operation
Valve (Single) $ sk.Lo Minor Construction
Valve (3 Way) $ 66.92 Minor Constructicn
Valve Motor $135.58 Minor Construction
Valve Motor $116.90 Minor Constructicn
Valve Linkage $ 61.02 Minor Censtructicn
Valve Linkage $ 30.51 Minor Construction
Sockets $ 9L.00 Computer System
Terminal Blocks $ 30.33 Computer System
Integrated Circuit (SNTLOLN) $ L.oo Computer System
Integrated Circuit (SN7L132N) $ 12.30 Computer System
Integrated Circuit (SN7L163N) $ 8.30 Computer System
Clock Chips i 25.60 Computer System
Integrated Circuit (Analog 116.90 Computer System

Multiplex)
TOTAL $2695.67
Sumary
Minor Construction $1458.29
Cormuter System 554 .61
Program Operation 662,77
Other/Equipment N/A
TOTAL  $269%,67 (Check)

i

A




Solar Heating Retrofit of Military Family Housing
AFA 141-5/FJSRL JON 7903-03-75

July 1975
ITEM COST WORK DESCRIPTION
Itel 8 Mod 80 Microprocessor $L6LT7.00 Computer System
with 7 I/0 Cards
Domestic Hot Water Preheat $ 313.51 Minor Construction
Coil
Modular Power Supply (5V) $ 128.40 Computer System

Kynor Wire Wrap
. Teflon Coated Wire
( Nylon Coated Wire
- Scotehflex Connector (1k-SK)
: 2 Microprocessor Relay Rack
: AC-DC Converter

32.52 Computer System
606.00 Computer System
240,00 Computer System

98.00 Computer System
261.08 Computer System
189.39 Cormputer System

$
$
$
$
$
! $
: } Integrated Circuit (Analog $ 50.10 Computer System
Multiplex)
Scotchflex Connector (16-WR) $ 32.87 Computer System 3
¥ Scotchflex Connector (14-WR) $ 28.76 Computer Syster .
& Scotchflex Ccnnector (16-SK) $ 119.00 Computer System [
T RG58U Coaxial Cable $ 5L0.00 Minor Construction L
D, 1 Spectral Pyrancmeter $1059.39 Other ,FJSRL Equipment -
Integrated Circuit §SN7h76N) 3.90 Computer System b
Integrated Circuit (SNTL128N) % 4.00 Computer Systenm ;
, LED Display Numeric Indicator $ 40.10 Computer System
Integrated Circuit (Analog $ L1.10 Compuber System ;
Multiplex) !
100 Pin Sockets (Wire Wrap) $ 3k4.60 Computer System j
40 Pin Sockets (Wire Wrap) $ uLL.Lo Computer System
P Terminal Blocks $ 53.92 Computer System
T BCE Reimbursable Work Order $ 265.73 Mincr Construction
Iy
;*hi TOTAL $9037.22
yow
g 4 3 Ty
#. & :
20 1 Minor Construction $1119.2L 4
. v Computer System 6858.52
y  al Progeam Operation N/A
0tlor/kEquipment 1059.39
TOTAL $9037..2 (Check) L
-l




L ey s &

P
1 Solar Heating Retrofit of Military Family Housing:
p AFA 141-5/FJSRL JON 7903-03-75
}
ITEM COST WORK DESCRIPTION
1702 Memory Chips $762.50 Computer System
. Dry Temperature Sensors $662.20 Computer System
, 14 Pin Wire Wrap Sockets $ 83.00 Computer System
‘ 4O Amp Switch $ 12.00 Minor Construction
3 Pressure Sensor $160.50 Program Operation
4 { Pressure Sensors $LB1.50 Program Operation
c Teletype Paper Tape $ sh.ho Program Operation
Integrated Circuit (SN825123)| $ 33.84 Computer System
| 40 Pin Scotchflex Header $122.10 Computer System
{ 4o Pin Scotchflex Header $146.40 Computer System
) Bi Polar Priority Encoding $ 15.00 Computer Syvstem
" Chip
'y Bi Polar Eight Bit I/0 Port $ 18.Lo Computer System
Voltage Regulator $ 16.25 Computer System
Integrated Circuit (SN825123)( $ 65.35 Computer System
BCE Reimbursable Work Order $112.75 i Minor Constructicrn
. & TOTAL  $2786.19
E. ; Summary
) 4§ Minor Constructicn $ 124,75
: xl Computer System 1925.04
N '1 Program Operation 736.40
i Other/Equipment N/A
23 TOTAL  $278€.19 (Check)
« Ny
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% d.g
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Solar Heating Retrofit of Military Family Housing

AFA 1L1-5/FJSRL JON 7903-03-75

September 1375

Tl ATV LN w4

ITEM CosT WCRK DESCRIPTION
Contract Construction $30,533.32 Minor Construction
BCE Reimbursable work Order $ 1,915.16 Minor Construction
Power Supply Units (28V) ¢ 130.45 Computer System
Teletype Paper $ 49,35 Program Operation
Rack Mounted Panel $ h6.12 Program Operation
Pyranocmeter Mount ¢  311.8¢c Program Operation
Display Panel $  110.6% Program Operation
Aluminum Chassis ¢  121.58 Program Operation
Digital Enccder Chip $ 1k,07 Computer System
So0lid State Relays & 132.Lk Computer System
TMQR-15 Weather Tower¥ 2,909,00 Other, 1l2th Weather
TMQ-20 Weather Tower¥ $l,Lko.oC Squadron Equipment

TOTAL  $40,714.00
Summary
Minor Constructicn $32,448.55
Computer System 276 ,C€
Program Operation 639.L9
Other/Equipment 7,349.00
TOTAL $L40,71L .00 (Check)

* Costs of tactical weather towers ($73L9) not charged asainst the

project orders.




) Solar Heating Retrofit of Military Family Housing :
AFA 141-5/FJSRL JON 7903-03-75 p

October 1975

 miiate il M A L e

{
|
ITEM COST WORK DESCRIPTION s
Digital Encoder Chips $ 18.46 Computer System !
(SNT741L8N)
Tarps $149.54 Program Operation O
Pushbutton Electric Switches $ 40.20 Computer System E
BCE Reimbursable Work Order $o1k 75 Minor Constructiocn

TOTAL $h22,95

Summary -3

Minor Construction $214.75 .
Computer System ' 58.66
Program Operation 149,54 P
Other/Equipment N/A

TOTAL $422.95 (Check)
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] Soler Heating Retrofit of Military Family Housing .
b : AFA 141-5/FJSRL JON 7903-03-75 o
. November 1975

g ITEM COST WORK DESCRIPTION o

s 3 ‘

T Watt Hour Meters i 6.00 Program Operation
Valves (Single) and Fittings 34,30 Program Operation
50 Psi Pressure Relief Valves $ 21.50 Program Operation i
Sockets for Watt-Hour Meters $ L49.89 Program Operation ‘
BCE Reimbursable Work Order $572.60 Minor Construction y
Electroplating Kit $ 34.94 Program Operation oo
Weather Tower Fitting $ 0.97 Program Operation

TOTAL  $720.20

Sunmary

Minor Construction . $572.60
Computer System N/A
Program Operation 147.60
Other/Equipment N/A

TOTAL  $720.20 (Check)




Solar Heating Retrofit of Military Family Housing
AFA 1L1-5/FJSRL JON 7903-03-75

3 December 1975
o
, ITEM COST WORK DESCRIPTION r
¥ i
) ¥
Teletype Roll Paper $ 8L4.60 Program Operation ;
BCE Reimbursable Work Order $382.68 Minor Construction 5
TOTAL  $467.28 .'
= 3
| Minor Construction $382.68
P ‘ Computer System g{A
; Program Operation : .60 '
. Other/Equipment , N/A s
2 TOTAL $467.28 (Check) i
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Solar Heating Retrofit of Military Family Housing

AFA 151-5/FJSRL JON 7903-03-75

January 1976

ITEM

WORK DESCRIPTION

Plumbing Line Adapters

Valves

Nipple

Dielectric Union
Elbows

Computer Crystals
Teletype Punch Paper

BCE Reimbursable Work Order

1 AW 8
HWHL\);F‘O ~J
FEIBVEESE

Program Operation
Program Operation v
Program Operation
Program Operation
Program Operation
Computer System
Program Operation
Minor Construction

Summary

Minor Construction
Computer System
Program Operation
Other/Equipment

TOTAL  $182.25

$ 51.83
31.72
98.70
N/A

$182.25

(Check)
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Lo, Solar Heating Retrofit of Military Family Housing
1 AFA 141-5/FJSRL JON T7903-03-75
j | GRAND SUMMARY
2 ‘ Minor Construction $42,450.18
Computer System 10,990.58
b Program Operation 2,539.10
3 ) Other/Equipment 9,558.39
, TOTAL $65,538.25
{
Minus tactical weasther tower
cost of $7,349 not charged
against the Project Orders.
GRAND TOTAL $58,189 .25 ¥
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